DOCOtBENT BESOHE 



ED 190 887 
TIILE 

INSTIIOTION 



TEPOET NO 
POE DATE 
NOTE 

EDES PKIC5 
DESCEIPTOIJS 



IDEHTIPIEES 



RBSTEACT 



Iti 



CE 026 572 



A-100-0010, 



Military Curricula for Vocational S Technical 
Education, Basic Electricity and Electrqnics 
Individualized Learning System* CANTSAC 
Module Ten: Trjansf ormers, S^-Udy Booklet.^ 
Chief of Savall Education and Training Supiport^ 
Pensacola^ Pla* : Ohio State Oniv* ^ Col un bus* National 
Cente^ for ?es|earch in vocaitional Education* 
!IRVEDTEA-3tl25B;*10 

Mar 77 ^ 
145p*: For related documents see CS 026 5i&0*593* 

MFQ1/PC06 PliiS Postage* 

♦ Electricity: *El€Ctrcnics: Individualize^; 
Instruction: learning Activities; Learning Hodules: 
Posit secondary Education: Programed Instrjuct ion: 
Semiconductor bevices: *Teqhnical Education 
Military Curriculum Projecl^: *Transf ofroers 



t|r] 



J This individualized ^.earning module on 
is one in a series jbf tmodules £or a course in ^ basic ele 
electronics. The course is one of a nt^mber of military- 
curriculum packages selected for adaptation to vocation 
instructioha! and curriculum dievc^lopmetit in a civilian 
lessens are. included in the moaule: (1) Transformer Con 
Transformer Theory anc . Opera*ibn^ (3) Turns and Voltage 
P6*ier and Carrent^ (5» Transformer Efficiency, and (6) 
Bectifiers* Each lessitn follona a typical format includ 
oVerviewr a list of si udy tesources^ the lesson content^ 
instruction section^ ^nd a les^son sumifary. f Progress chiscks 
provided for each lession in a peparate document , CE 026 662 
dRA) 



jr^nsformers 
tricity and 
eve loped 
1 

letting. Six 
jtruction, (2) 
iBatios^ (H) 

micbnductor 
|ng a lesson 
a programmed 
^re 



I 



* Eeproductions supplied by EDPS aije the best that can be made * 
f ^ " ifrom the original document. * 



NAVEDTRA'i i34258-10 



CHIEF OFi NAVAL EDUCATION AND TRAINING 

197^7 



MARCH 



- ^ I 



NATioNftiNsrrruTeoF 

IVrNoV POlNTSOFV»eW0R OPINIONS 

siATCO 00 NCT NecessA<*itv nepRe* 

SENT OFFICIAL NAUONAt INSKTI^TC OF 
EOl^CATtON .-.jSHiON or POtlCV 



lechnical Education ^ 

'■-rate' 



BASIC ELECTRICITY AND ELECTRONICS 
INDIVIDUALIZED LEARNING SYSTEM. 

MODULE TEN. TRANSFORMERS. 

STUDY BOOKLET. 



'I' ^i^P- "-tti ^ 



.i ! 



4k: 



/ THE HATWMAl CEMTBt ■■■.>:v^/^%SM'|^ 
r FOR RESEJUICH IK VOCATIONAL EtPJCATtOK ^ ''^^ 

V ^ THE CHJO STATE U^4»VERS»TY 



MILITARY CUBRICULUM MMERIftIS 



Uie niUtary-^velc^>ed|curriculi]En materials in this course 
package were selected by the National Oanter for Research in 
Vocational Education Militaiy curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other instmictional materials agencies* Tlie pu.-^se of 
disseminating tliese courses was to make curricul: a materials 
develc^>ed by the military more accessible to vocatiorial 
educators in the civilian setting* 

Uie jourse materials were aajuired, evalmted by project 
staff and practitioners in the field, and prepared for 
dissCTiination* Materials vdiich were specific to the idlitary 
were deleted, copyrighted materials were either emitted or appro^ 
val for their vse was obtained* These course packages contain 
* curriculum resource materials which can be adapted to support 
vocational instruction and curriculum development* 



Military 

Curriculum Materials 
Dissemination Is . . . 

. .J 

^-^^ ' - - j 



What Materials , 
Are Available? 



How Can These 
Materials Be Obtained? 
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military-developed curriculum tnat^enals to 
vocational and technical educators. 
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acquisition of curriculum materials \\\ print 
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Education and the Department of Defense. 
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deemed applicable to vocational and tech- 
nical education are selected for dissemination. 
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Vocational Education is the U.S. Office of 
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OVERVIEW 
MODULE TEN 



TRANSFORMERS 

In this module you will be Introduced to a very important electrical 
device, the transformer. As you will learn, without transformer action 
the practical* economical application of electrical energy would be 
nearly impossible. 

For you to more easily learn the above, this module has been divided 
into the following six lessons: 

Lesson K Transformer Construction . . . 

Lesson IK Transformer Theory and Operation 

Lesson 111. Turns and Voltage Ratios 

Lesson IV. Power and Curreht *. . . . 

Lesson V. Transformer Efficiency 

Lesson VI. Semiconductor Rectifiers 



TURN TO THE FOLLOWING PAGE AND BEGIN LESSON I 
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BASIC ELECTRICITY AND ELECTRONICS 
INDIVIDUALIZED LEARNING SYSTEM 




MODULE TEN 
LESSON 1 

Transformer Construction 
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OVERVIEW 

Transformer Construction 

In this lesson you will study and learn about the following: 

-what a transformer js 
ffunction of transformers ^'^ 
-inside a trar^sformer *< 
* * -the core 

-core constfruction 
-laminations 
-cor^ shapes 
"Coils or windings 
-schematic symbols for transformers 



BEFORE YOU START THIS LESSON PREVIEW THE LIST OF STi^OY RESOURCES 
ON THE NEXT PAGE. 



11 



Study Resources Ten-I 

LIST OF STUDY RESOURCES 
LESSON I 

Transformer Construction 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or ail of the 
fol lowing: 

STUDY BOOKLET: 

Lesson Nartative 
Programmed I nst ruction 

Lesson Summary ^ * 

ENRICHMENT MATERIAL: 

NAVPERS SS'^OOA-lb "Basic Electricity, Alternating Current." 
Fundamentals of Electronics * Bureau cf Naval Personnel. 
Washington, D.C*: U*S. Government Printing Office, 1965. \ 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
^AKE THE PROGRESS CHECK AT ANY TIME. 




Narrative Ten*I 

NARRATIVE 
LESSON I 

Transformer Construction 

What a Transformer Is 



Look 8t your power supply and find the largest wired component. 
You have Just Identified the transformer. Probably you have ob' 
served a similarity between the shape of the transformer and the 
Iron-core Inductor In your power supply. Both of these components 
are capable of Inducing a voltage. 

Host power supplies 'have a transformer. From this statement^ you 
can infer that most TV sets, radios^ and almost all amplifying 
equipment contain transformers. 

Transformers are of many different sizes. There dre small ones 
tike the one In your power supply^ but there are also &.ant trans^ 
formers In substations of power companies. Whatever the size of 
a transformer, Its purpose is the same. 



Function of Transformers - 

A transformer Is a device that transfers electrical energy from 
one circuit to another via electromagentic Induction. The energy 
Is always transferred without a change In frequency but usuaHy 
Involves changes In voltage and current. Because transformers 
work on the principle of Induction^ they must have an Ap source 
to supply a continuous output. 



What do you think would happen If we put pure DC into a 
transformer? 



After current had reachec^ the maximum steady value described by 
the basic Ohm's Law^ there would be no change In current, the 
frequency would be zero^ ond ther^e would be no inductive reactance. 
The coll wou!d act like a straight piece of wire; currerft could 
become too great and burn out the transfornTer. 

A transformer steps up or steps down AC vottfge. For exjmple^ 
the voltage entering the transformer on your power supply Is greater 
than the voltage leaving the transformer. In this manner, your 
power supply can provide a lower voltage to the load than the wall 
socket could. The transformer in your power supply is a step-down 
transformer. 
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Inside a Transformer 

A transformer Is h very efficient device because i^ has no moving 
mechanical parts that might malfunctiont and it requires very little 
maintenance. If you were to look inside a transformer, you would 
see at least tw coils, maybe more, and a core* The coils and core 
are the only essential parts of a transformer. 



The Core 

Just as an Inductor hds either an iron core or an air core, a 
transformer usually has either an air core or some form of an 
Iron core. A transformer Is actually two or more inductors 




positioned so that the flux 
lines of one cut the coils of 
the other. Generally, alr-cor. 
transformers are used when the 
source has a frequency above 
20 KHz; however, special ferrite 
cores may be used at very high 
f requenc ies . 



COIL A COIL B 

Iron-core transformers are usually used when the source frequency 
Is in the audio range {below 20 KHz)* 



Your power supply operates on a frequency of 60 Hz. What 
kind of core does the transformer in your power supply have? 



Your power supply has an iron core to obtain high inductance at 
low frequencies* 



Core Construction 

Iron cores in transformers are not solid hunks of iron or steeK If 
they were, the flux lines cutt .ig them wuld Induce large currents 
In the core, anJ thus rob the circuit of power* 
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tits 



To minlmfze 
materia]* Ea 
a non'^conductbr 
After all, the 
together to 



Core Shapes 



loss, cores are made ;of many thin slices of core 
h slice Is coated with ijnsulating varnish which Is 

These slices of core are called laminations* 
laminations are varnished, they are then bondec 
— core shapes* 



f >rm 



There ar«: twoimain core shapes qs^.1 in transformers. One 
we call the hol1ow*cor^ type > because It has a hollow ^ 
square 1r Its center* |The other Is called either a shell type 
or E and I ty >e, because It looks like these two letters put 
togethbr i;!ikel this: ' 




I 



This illustration shows a hollow- 
core transformer* Notice that It 
Is constructed of many laminated 
sliced o" Iron or steel* After 
the lamljiatrons have been benched j 



togetti 
around 
shown 



er 



the coIU are wrapped 
bhth sides of the coreias 
on the next ^age* \ 
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-We have learned previously that 
the closer the coils are without 
touching^ the greater the indgnetlc 
coupling. It Is apparent that 
quite a bit of space exists between 
the two coils in a hollow-core 
transformer. From thfs, we can 
assume that this type of trans- 
former will not have a maximum 
coefficient of coupling. 



Shell Type 

T^e mo 
ai she I 



St commonly used and most efficient laminated core Is called 



coren 




'Observe that this core 
the laminated pieces 



s made of 
that resemble 



lAMlNATEDCORI g.^ j.^. ^he laminations 



E AND I lAMINATiONS 

E CORE 




WINDING 



INSUIATING 
PAPER 



In the shell core are also .arn* 
Ished to provide Insulation. For 
the shell core, the coMs are all 
wound on the same center^ and the 
legs of the E^are set down through 
the cofi as shown below. 



This design provides a high 
coefficient of coupling. 



I CORE 
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The wires or colls Jn a transformer are referred to as windings . 
Transformers have a primary winding and one or more secondary 
windings. Occasionally a transformer will have tn^e than one 
primary* i 

The primary winding connects to the source. 

the secondary winding connects to the load or loads. 



I dent I fy,. 



Secondary winding 
2. Primary winding 



A 8 



You can see that coll A is connected to the source and 
therefore Is the primary. Is connected to the load^ so 
It 1 s a secondary. 



How CoMs Are Vtound in Shell Type 

You rec^ull that windings In the hollow core are placed side by 
side 



I5C 



This Is not the case with windings In a transformer with 
the sheH^type core* To achieve maximum coefficient of 
coupling and save space, In a shell*type core the secondary 
winding Is wound on top of the primary winding as shown here. 



nUMARY 




SECONDARY 
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First* the primary winding Is wrapped around a cardboard cylinder 
forming many turns of wire. These turns are placed close together. 
The wire Is coated with Insulating material to prevent short 
circuits between wires. After the primary is completely wound, 
it is covered with a special Insulating material — usually 
paper or cloth. 

The secondary wfpdfng then is wound on top of the primary 
winding; however, the wires do not touch because they are 
separated by the Insulating material. This material allows 
magnetic flux lines to pass from one winding to another, 
so that magnetic Induction can take place. Finally, the secondary 
winding is covered with an insulating material to prevent contact 
between the winding and the metal transformer case. 



Your power supply transformer Is constructed with an 
E^and type core. Will the windings be: 



a. two coils separated by space. 

b^ two coUs, wound one on top of the other. 



Answer: b 




LAMINATED 

^ CORE 



The core sections are then In- 
serted into the windings and the 
E and t are butted together. 



NotUe In the Illustration that 
there are two leads for the primary 
and two leads for the secondary. 



StCONMKf 



These will be connected to the 
source and load, respectively. 
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Schematic Symbols for Transformers 



A basic transformer symbol looks Uke'^two coils as sho 



i^TOWfK 



1IIC3C 

Iron Core Air Core 



Bars between the coMs indicate 
an Iron core. If there are no 
bars* the symbol represents an 
air core. 



We mentioned that transformers frequently have more than one 
secondary winding. This is for the purpose of supplying 
multiple loads of different voltages. Sometimes a trans' 
former has more than one primary. 

Occasionally a winding has taps whl^ch allcvi delivery of 
different voltages from the same secondary^ 



Iron Core 
1 Primary 
1 Secondary with 
a center tap 



1 




If there Is I2v across the entire Sficondary» and we measure 
between the top \itad and the center tap* what do you think 
voltage Is? 



Answer; 6 vol fi. 



other schematic representations might be: 




1 Primary 1 Primary 2 Primaries 

1 Secondary 2 Secondaries 3 Secondaries 
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AhD 
ANSWEK ALL OF THE QUESTIONS CORRECTLY^ GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 



P.l. Ten-I 

PROGRAMMED INSTRUCTION 
LESSON 1 

Transformer Construction 

THIS PROGRAM SEQUENCE HAS NO TEST FRAMES. 



Tr^sformers come tn many different sizes, ranging from 
smaller ones than the one in your power supply to the very large 
ones used by commerctal power companies. Regardless of the size*, 
the function ts the same, to transfer electrical energy between 
two electrical 1y Isolated circuits. 

The function of the transformer In your power supply is to: 

a. develop electrical energy to light the lamp. 

b. change alternating current to direct current. 

c. transfer energy from the wall socket to the circuit 

containing the lamp. 



(cj transfer energy from the wall socket to the circuit 
containing the lamp 



2. The purpose of a transformer U to transfer electrical energy 
from one circuit to another Isolated circuit. 

Can you generate power with a transformer alotie? 

a. yeb. 

b. no. 



no 
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The energy transfer ts accomplished by mutual induction between two 
""'"^'^ ..^MAGNETIC FIELD 




If a changing current flows through coil a changing magnetic field 
IS produced. This varying flux field cuts coil St InducTng a voltage 
and causing-^a current to flow throunh the load {r) , 

Since neither coil A nor coil 8 can be moved without both being 
movedt there is an induced voltage in cqil 8 only as long as: 

_ a. the magnetic field is changing. 
b* a stable magnetic field exists* 



(a) the magnetic field is chang^in^ 



Recall that for a stationary coil to continuously Induce a 
voltage (electromagnetic Induction}^ there must be a continuously 
changing current. 

Would a coil be capabTe of continuously producing electromagnetic 
induction If placed in a DC circuit? 



a. 
b. 



yes 
no 



no 



2'> 
05 



Ten- 1 



5* Transformers an^ colls have some similarities in both construction 
and operation; both utilize the phenomenon of electromagnetic 
tnductton, and therefore induced voltages are associated wtth 
transformers and colls. Their uses are different, hwever. 

Would a transformer function In a pure DC circuit? 

a. yes 

b. no 



(fa) no 

6. Transformers are useful only in AC circuits because: 

the statements that are tr^je.) 

pure DC does not vary In value. 
'DC voltages are too high, 
alternating current Is constantly changing In direction 
and magnitude. 

electromagnetic Induction depends on a changing magnetic 
field. 

there !s no magnetic field associated with direct current, 
a DC transformer is too large to be practical. 



(a. pure DC does not vary in value; c. alternating current is 
constantly changing In direction and magnitude; d* electromagnetic 
induction depends on a changing magnetic field,) 

1* A transformer Is one of the most common electrical devices used. » 
It consists mainly of wire wound Into coils afaout some type 

of core. Since have no moving mechanical parts 

to malfunction* they'are very effic^ient and require v*ry little 
maintenance. 



Ttransforme 



(Check 

a- 

fa. 

C- 

d. 

e. 

f. 
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8* A simple transformer consists of two coils placed so that the 
flux lines from one cun the turns of the other as shown in the 
diagram* 



B 

■O- 




CoM A is known as the primary coi 1 » whi)e coil B is ca))ed*the 
secondary * 



The primary coil is connected to the 
is connected to the ♦ 



while the secondary 



(source or in_put^ load IresistorJ or output) 



9* Label the primary winding and the secondary winding in the 
transformer belw* < Q ^ — q — 




Primary 



Secondary 







LOAD 







'4 



IT 



I0> Transformers cefn be used, to step'-up or step-Jown voltage. This 
can be done by Increaslftg Or decreasing the number of turns in the 
secondary winding as compared with the number of turns' in' tHe 
pr;Imary winding. 



too VAC 



3 



2O0VAC 



s 



If 



100VAC3 ^30>MC 



Select the true statement. 

a* A Is a step-down transformer^ £ Is a step-up transformer, 

b. A ts a step-up transformer^ Is a step-down transforiper, 

c. Both are step-up. 

d. Both ere step-down. 



(b) A Is a stej>-up transformer, B is a step-down transformer 



IK tabel the step^up transformer and, the step-down transformer 
shoWn. 



OUT 




a* 




(a) step-up; b. neither^ one-to-one; 'c. step^downj 



12. Note : You can often tell 'f a transformer is a step-up or 

by"" looking at a drawing. Due to the space limitations on most 
schematics, the actual turns ratio is seldom drawn, but may be 
Indicated numerically. 



t step-down) 
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13* The transformer in the power supply you built is: 



a. step'-up« 

step-down, 
c. neither. 



(b) step-down 



ih* Ncte that the terms step)" up and step'down refer to 
not to power. 



tvol tage7 



\S* The law of conservation of<energy tells us that energy is 
neither created nor destroyed, but that It can be changed in 
forms. You cannot expect to get something for rtothinQ. This Is 
also true In transfprmers. If the secondary voltage is hriglier 
than the primary yoltage, secondary current will be smaller than 
primary current in the same proportion. Output power can never 
be larger'than Input power, but may be scntewhat less' because of 
losses In the transformer itself. ,For the circuit shown, - 

secondary current equals , ^tssumlng there are no 

losses In this transformer. 




Ip 2a 



30v 



TTir 



2o 
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16. Each transformer characteristic listed below applies to either a 
, step-up or a step-down transformer. Underline your*choice at the 
end cf each statement. 

a. higher primaryc current than seconclary (step-up/step-down) 

b. Jitgher prijmary voltoge than secondary {step"Up/st*ep-down) 
lower secondary current than primary (step-up/step-down) 

d. higher secondary voltage than primary (step-up/step-down) 
^. lower primary current than secondary (step-up/step-down) 



^(a^step-un; b. step-down; c. step'njp; d^ step-up; e. step-down) 



17. Energy transfer from primary to secondary is accomplished by 
mutual^ Induction between two or more cbils apd usually results 
in changes in voltage and current but never In frequency. 

(f the input signal to a step-up transformer Is ^00 Hz, the output 
\tould b^: - ^ 

a. 200 Hz? 

b. hQQ Hz. 

c. greater than AOO Hz. 

d. * (Insufficient informstiof)) 



(b) 400 Hz ^ 



18. Check the statementf about transformer operations that are true. 

a- usually Involves change In voltage and current 

_| b* uses a pure DC source 

c. involves ch^nges tn voltage, nnd frequency 

d. capable of stepping voltage up or down 

e. transfers electrical energy from one circuit to another 



(a. usually Involves change In voltage and current; d. capable of 
stepping voltage up or down; e. transfers electrical energy from 
one circuit to anotherj^ ^ 
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\B* Air cpre transformers are usually used^t high frequencies 
(above 20 KHz). Due to the high rate of change of current 
at these frequencies, an Iron core is not needed to increase 
the inductance of the coils. At low frequencies, an iron 
core is used to concentrate the flux lines and increase 
mutual inductance. 

Your power supply operates at an Input frequency of 6o Hz. 
What kind of core does the transformer have? 



iron 
air 



(iron) 



20\ A transformer Is baslcalli two or more coils wound around some 
type of core. As with iqpuctors, the cores are usually either 
iron or air. 

An air^core transformer is used at frequencies. 

high/ low 



thigii; usually 20 KHz and above)" 



2K An air-cdre transformer is represented schematically like thts; 




Draw the schematic for an air-cbre step'-up transformer^. 
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As stated, ' transformers wrk on the principle of mutual induction. 
This, you remember, occurs when a changing current ~ow in one coil 
causes a changing magnetic field which cuts a second coil and 
Induces a voltage In the second coi I . This action is also known 
as transfojmer action . 

Nothing Is perfect. As showr In the illustration below, all the 
lines of flux from the primary are not cutting the secondary. 




I 



This means that the energy In the secondary is less than what ft 
could hav« been. There is a magnetic flux leakage when all the 
lines of flux produced In the primary do not cut the secondary. 
For that reason, most transformers are constructed with special 
ferromagnetic (materiel ,that can be easily magnetized) cores of 
high permeability (iron), so that all the lines of flux pass 
through the core and cut the secondary, tn summarizing, roost 
transforroers are constructed with ferromagnetic cores of high per* 
meabillty so that almost all the lines of flux pass through the core 
and cut the secondary. ' 



An iron core serves to 



ncreaseTdecrease 



flux densi ty. 



{ Increase) 
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23. lron*core transfomers are represented schematically as shewn: 



Draw the scbemattc sy^ibol for a step^down iron-core transformer. 



P.L " Ten-I 

2^^, There are two types of iron cores ir common usage. The hollow 
box-ltke core looks like this; 




The effect of the core would be to mutual 



Inductance as compared to alr^core transforners , 



UncreaseT 
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25* A more popular type of iron core is called the she 1 1 , or E_ and type* 




The windings are constructed separately by winding the wires on a 
cardboard form with the secondary wuund on top of the primary and 
with Insulating paper separating the tw6 coils. 

The center section of the £^ Is then inserted through the center of 
the assembled coils. 




LAMINATIONS 



This arrangement gives maximum coefficient of coupling because the 
coils are wound one on top of the other^ and the core surrounds the 
windings. 



This shell-type core provides maximum common flux density* 



ISo to next framer 
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?6. The most ^flctent core Is one that offers the best path 
for the most tines of flux with the least amount of magnetic 
and electrical energy loss. 

Which of the two diagrams below Illustrates the more efficient 
type of core construction? 




3- HOLLOW CORE > 

b. SHai TYPE 



Kb) S h elt Twe 



27* Check the statemnts about an E and I core that are true. 

a. P- winding Is separated from £ winding by insula . Ing 

material. 

b. Rewinding is separated from S winding by air space* 

c* Colls are wound side by side. 

d. Coefficient of coupling is greater than tn a lioTlow core* 



(a. winding is separated from S_ winding by insulating m^t^rial; 
d. Coefficient of couM.tng Is greater than ^n a hollow corej 
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28. A transformer often has more than one secondary winding. 

This enables one transformer to supply several different values 
of voltage from one source. 



II5V 
INPUT 



>300v" 



>6.3V 



>t2.6V 



PRIMARY 



'SECONDARY 



OUTPUT 



TRANSFORMER 




This single transformer takes the place of how many 
transformers? 



a. 1 

b. 3 

c. k 



(b) 3 

NOTE: In some cases a transformer may have more than one primary winding. 
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To further utilize transformers t a device known as 

a center tap Is used. This allows us to tap off half of the 

voltage available from each secondary winding. 



In the figure shown> ther e are three ^^ ^ter taps> £, 



IISV 

o- 



-•A aoov 



5§ 



-04 
-OS 



-eC 6.3V 



06 ' 

How much vol.tage could be measured between point A and output 

No. 2? 



(ISO v) 
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30. Draw th* correct schematic symbol below each of these descriptions. 

a. I primary b. I prlmsry c. I primary 

3 secondaries 2 secondaries I secondary 

Iron core air core with center tap 

iron Cora 




MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. .F YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 



29 



36 



Summary - Ten-t 

SUHMARY 
LESSON 1 

/ Transformer Construction 

A transformer Is an electrical device which consists of a primary and 
a secondary winding linked by a mutual magnetic field. The voltage 
that I Impressed across the primary ^winding Is usually supplied by 
an external source of EMF: the voltage appearing across the secondary 
winding Is Induced by the magnetic flux of the primary coU. 

Transformers come In many sizes, ranging ftxm some about the size 
of a peanut to the very large ones that are used by conmerfial 
power companies. Transformers may be used at power-line frequencies 
(60 Hz, ifOOHz, etc.), audio frequencies (20 to 20,000 Hz), ultrasonic 
frequencies (20,000 to 100,000 Hz), and radio frequencies (over 30 KHz) 
Jhp design and construction of transformers varies greatly with the 
application and electrical fr6(^ency to be employed. For example, 
power transformers (as In your power supply) and audio transformers 
(as in your ht^fl set) are normally built on a core of laminations 
(or flat pieces stacked together) of silicon steel. At these re- 
tatlvjely low frequencIeSj a very good magnetic Interaction between 
the primary and secondary windings can be produced only by careful 
design and the utlll^zatlon of high-quality transformer Iron. 

There are two main core shapes used In Iroj-core transformers. One 
)s known as the hollow core and Is shaped like this: 




The primary and secondary windings are wound on either side of the 
core* 

The other core shape Is the shell or £ and I type. Its shape Is as 
shown on the next page. 
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E CORE 



CARD BOARD 
FORM 




WINDfNG 



JNSUUTJNG 
PAPER 



I CORE 



At the higher frequencies, It is possible to design a transformer 
in the form of two colls wound end to end on an air core and supported 
by cardboard. Other transformers are wound on a solid ferromagnetic 
material for use at higher frequencies. 

A simple transformer application Is shown schematically below: 




Winding A 



Winding B 



Note; tf the vertical lines are not shown between the windings, the 
symbol represents an alr'core transformer. 



I f second 
the vol tage 



lary winding has more colt turns than primary winding A, 
ine voltage across load ^ Is higher than E (primary voltage). This 
type of transformer Is caljed a steP^up transformer, since It acts to 
Increase the voltage to %he load In the secondary circuit, tf 
winding J5 had fewer turns tljan winding A, we would have a step^down 
transformer. The load voltage woiild be smaller than E . 
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Transformers are normally us3d on AC» since a ch anging primary 
current Is needed for operation. The requirement of periodically 
changing primary coM flux must always be met fcr a continuous output 
of secondary voltage. You should also be aware (.hat unless the rate 
of change of flux matches ths transformer's design specifications , the 
transformer is likely to overheat and burn out. A transformer operated 
at frequencies above its design range will only be less ef f icient»^but 
^ If operated below the proper frequency, current will be too high and 
overheating results. 

WhHe the secondary coll may produce ^ higher voltage thrn £ ^ the law 
of conservation of energy tells us that the total power in t8e secondary 
cJr^uIt (neglecting transformer losses) must always equal the E I product 
(power) at the primary coli. This means that if secondary vol tEgi Is 
higher than primary voltage, secondary current must be lower than primary 
current. 

A transformer may often have more than one secondary winding. This 
enables one transformer to supply several different values of AC voltage 
from one input source- In the transformer shown below, there are both 
step-up and step-down circuits* all in one unit. 
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The )2.6-vo)t secondary coll Has a center tap connection. Think 
about some of the possible uses of this configuration. 



AT THIS POINT» YOU MAY TAKE THE LESSON PROfiRESS CHECK» OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROfiRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROSRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY* fiO TO THE NEXT LESSON. ' IF NOT» SJUDY ANOTHER METHOD 
OF INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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Overview 



I I OVERVIEW 
LESSON t I 



Transformer Theory and Operation ■ 
In this lesson you w|Il st6dy and learn about the foll^owtng: 



-no-load conditions 

-exctttng current ^n the primary 

-producing a CEMF 

'Inducing a voltage In the secondary 
-polar^lty or ?ense 
-load, cortdltldns 



BEFORE YOU START THIS LESSON, PREViEW jTHE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. , ' * ' 



study Resources Ten-ll 

! , LIST OF STUDY RESOURCES 
i LESSON II 

^> Transformer Theory and Operation 

To learn the material In this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the 
fol lowl'.j: 

STUDY BOOKLET; 

Lesson Narrative 
Programmed Instruction 
, Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS SS'fOOA-lb "Basic Electricity, Alternating Current.'* 
F^ndament^als of Electronics . Bureau of Kaval Personnel. 
Washington, D.C. ; U.S. Government Printlntt Office, 1965. 

S AUDIO--VISUAL: 

l< Sound/slide Presentation - "Function of the Transformer." 





YOU MAY N^W STUDY ANY OR All CF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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HARRATIVE 
LESSON \V 



Transformar Theory and Operation 



Hoptoad Condition 

, Ve said that a transformer Is capable of supplying load voltages 
which are usually higher or lower than the source^voltage. We also 
know^that thl|^ Is accomplished through mutual Induction which takes 
place when the magnetic fields of the primary winding cut the coUs 
of the secondary. Let's look at'what happens In the transformer 
under no*toad conditions. 

A no*load condition exists when there Is a voltage applied to tMe 
primary^ but there Is no load connected to the secondary. 



Exciting Current In the Primary 

Under no'load conditions^ when voltage Is applied to the primary^ 
there Is a v^ry small amount of current In the primary. This cur^ 
rent Is called exciting current. Essentially^ what the exciting 
current does Is excite the coll to create a magnetic field. 
The amouK. of exciting current Is determined by three factors: 
(1) the amount of E > (2) tfie R^of the primary coil's v/lre and cor 
losses^ and (3) the X. which Is dependent on the frequency of the 
exciting current. 

This very small amount of exciting current serves two functions. 

K Host of the exciting current Is usitd to support the magnetic 
field of the coll . 

2. A small amount of current Is utilized to overcome the resist- 
ance of the wire and core^ and this Is dissipated In the form 
of heat (power loss)^ 



Producing a CEHF 




As alternating current Is passed through the primary coll^ a mag* 
netlc field Is established around the coM. s the lines of flux 



Narrative 
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expand outwardt relative no- 
tEon Is present* and a CEHF 
Is Induced In the coM * 
Observe that by the left^ 
hand rule for col Is » we can 
determine the L poles 

of the coil* Flux Is leaving 
the coil at the N^pole, circling 
the col It and entering the coil, 
at the pole* ^ 

\ 

Polarity of CEHF , 

If we analyze the Uft half of the coIU we see that ftux 
outside the colt Is pointing downward, flux motion Is toward 
the left as the flux expands » and the EHF Is Induced with a 
polarity which opposes the applied voltage, thus opposing 
current flow* 




J 



E and CEHF are how many degrees out of 
pnar>e? 



The CEHF opposes the applied voltage at an angle of 180**; therefore, 
CEHF Is In direct opposition to E * On one half cycle the'p'olari ties 
will look like this; 



N 



CEMF 



+ 

CEMF 



N 



Then on the next half cycle, 
polarity of the applied voltage 
reverses* {Current flowing 
through the coll In the opposite 
direction reverses the and 
poles of the colt and reverses 
the polarity of the Induced 
voltage* 

Thus In either half cycle E 

and CEHF are In direct opposition 

to each other* 

As long as we have an AC vottage 
applied to the primary coil, the 
primary Is constantly Inducing a 
counter EHF* 
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Inducing a Voltage In the Secondary 




When two colls In electrically 
Isolated circuits are positioned 
so that flux Itnes of one cut 
the coll of the second, we know 
that mutual Induction takes 
ptaQe. A voltage Is Induced In 
the secondary. 



Direction of Inducett VoUage In the Secondary 




ON£^TU(^ SECONDARY- 




SECONDARY- 
TURN 



This illustrates a primary and a 
secondary coil with the secondary 
wrapped around on top of the primary. 
In this examplet the secondary coU 
has only one turn. Kotlce It Is 
wound In the same direction or 
sense as the primary. 



If we could open up the secondary \ 
collt we cbuld see In which direction 
the voltage would be Induced. If 
we examine the left side of the^ dia- 
gram, observe current flows Into the 
jtop lead of the primary, tines of 
force >ar& generated which produce 
a pole at the top of the coll* 
During the time that; primary current 
Is Increasing, the flux lines ex- 
pand outward from the primary and 
cut the secondary conductor. Thus, 
the secondary conductor appears to be 
moving Inward, or. In this direction 



Using the left-hand rule, then, a 
voltage Is being Induced In the 
secondary In the direction shown. 



The EMF appears to be coming out 

of the paper on the left side of the 

coM . 
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Direction of Curr^t In Primary 




Direction of Current In Secondary 



If you were viewing the coil 
from above, the voltage 
induced in the secondary tends 
to force current through the 
winding In a counterclockwise 
direction, while the EMF ap- 
plied to the primary forcei£ 
current through the primary In 
a clockwise dl_**ectlon. There- 
fore, the voltage Induced into 
the secondary Is Identical to 
the counter EMF tnducea Into 
an adjacent primary turn. 



Polarity or Sense ; * , 

The^larlty of the secondary voltage depends on: 

1. the direction of the windings. 

2. ^the arrangement of the connections to the external circuit. 

In figure A, both the primary 
aod secondary are wound In the 
same direction. The sense 
dots (•) on the schematic Indl-* 
cate the ends of ti:e windings 
which have the same polarity at 
the same Instant. 



If you move the negative 
le'd from Its position In figure 
-8 so that It Is below the posi- 
tive lead as shown In figure C, 
the location of the sense dot on 
the schematic of the secondary 
does not change; however, polar- 
ity to the load reverses. 




Narrative 
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The other way to change the polar- 
ity of the secondary Is to 
wind the secondary In the opposite 
direction in which the primary Is 
wound; this also results In 
reverse phasrng as shown In figure D< 



If the Secondary winding Is wound in the same direction as the pri- 
mary, the sine wave going Into the primary Is Identical in polarity, 
or sense, to the sine wave coming out of the secondary* 



or 



Input 



output 



itiput 



output 





However, If the secondary winding 'is wound In the 0£gosj_te direct\on 
of the primary, ^e sense Is reversed. 



— In this example, the sine waves 

look 1 1ke this: 

Input . output 
The phase has been reversed* 

Note that because AC Is constantly changing polarity. Instead of labeling 
colls with (-) or (+) we use sense dots to Indicate Identical phase. 
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Load Condt t fons 



WV 




Ufder no-load conditions^ you 
know that we h<\ve induced a 
voltage In the secondary winding 
which has caused a displacement 
of electrons. However^ because- 
there Is no complete path^ 
there Is no current flow. 



If we close SW1 In the above schemctlc^ the )oad draws current 
from the secondary. When a secondary Is supplying current to a 
toadt the transformer Is operating under load conditions. 

When a transformer Is opera^-Ing under load conditions^ current flows 
through the secondary and produces a magnetic flux field around the 

secondary wiridlng. Now the ftux 
field of the secondary Interacts 
with the flux field of the pri- 
mary. From Len;:^s l-dw *we knew 
that the flux field of the second** 
ary Is In direct opposition to 
the flu*^ r.eld of the primary. ' 
ThuSj the secondary flux cancels 
our some of the primary flux. 




As a result of a nsductton of the primary flun ftaldt the CEMF In 
(he primary decrea^tis. As CEMF decrjases^ ^/itrrent tn the primary 
Increases. As curront Increases. It re-esta*^ ? Ishes the lines of 
flux around the primary that were cancelled ^^it. 



Any time you go from a no"Ioad to a load cc ''rlon^ for a brief 
time flux lines Interact and cpnr^I each ov^icr: CEMF In the prlniary 
decreases^ current rises In the primary iwQ fi^-establ Ishes the flux 
lines. With normal loads applied to tte secondary^ total flux does 
not vary more than 2 or 3 percent.* 



1*3 



Narrative Ten-ll 

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU HAY STUDY ANY 
OF THE OTHER RESOURCES LISTED, IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE dUESTtONS CORRECTLY, GO TO THE NEXT LESSON " IF 
NOT, STUDY ANY HETHCO OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER 
ALL THE dUESTlONS CORRECTLY. 
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PROGRAMMED IJiSTRUCTION 
lESSOK II 

Transformftr Theory and Operation 



THIS PROGRAMMEO. SEQUENCE HAS NO TEST I^RAMES. 



1. Recall that a transformer operates by mutual Induction between two 
or rnore colls; as long as there Is a changing voltage applied to 
the primary* there Is a voltage Induced In t!ie secondary. 



In the schema^; Ic shown: 




9* Witt the'^ be an Induced voltage? 
Will there be secondary current? 



(a. yes; b. nof 



2. A no*toa<i! condition exists wheu there is no load attached to the 
secondary (an open secondary circuit). This results In a nearly 
pure Inductive load on the source. 

The factors which determine no- load primary current are; 

a. secondary voltage. 

b. resistance of attached loads* 

c. " resistance of primary windings. 

d. primary vottage. 

e. C£MF of secondary. 

^ f . Inductive reactance of primary. 

9. frequency. 

h. resistance of secondary winding. 



If- 



■ 1 — _ ■ 

(c. resistance of primary winding; d. primary voltage; f . Inductive 

reactatiCe of Primary; g. frequency) 



1 



iff' 
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3* The shiall ampunt of current that, flows in the primary In a no-load 
condition is called exciting current. 

What is the exciting current in this circuit? (Since X, is much 

larger than R} neglfcct R^.) 



E«I30V 

f 60H1 f /V ) 

I 354 mS 



U 340y 
RlSft 



/ 

^. Exciting current^ like current tn any Inductive circuit, ts ac- 
tually composed of two parrs, 1^ which overcomes the power loss 
due to the resistance of the winding^ and which supports the 
magnetic field around the coil. 



LabeT the vector diagram. 

4 





5* Exciting current flows in the primary in a no-load condition; it 
supports the magnetic field around the cott and a small part ot 

It overcomes the resistance of the and supplies the 

power for losses due to this resistance. 



TwT nding or co rn — " 

. U6 



i 



P.I. 

6. , Excltinq current: 
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a. supplies j_ to the ]oad« 

b. supports magnetic field of^^rtmary coil. 

c. Is found tn the secondary. 

d. Is alt dissipated heat. 

e. overcomes the R of the winding. 



(b. supports magnetic field of primary coll; e. overcomes the 
of the winding) \ [ 



7. Taking one wlndfng dt a time* the study of the operation of a 

transformer should be nothing more than a review. Recall that as 
the magnetic field around a coM expands* a CEHF Is Induced which 
opposes the applied voltage. 



Label the Instantaneous polarities of CEHF at pointy A and B. 



A. 
B. 




(A. B. +T 



8* CEHF and applied voltage are 



out of phase. 



TT80T 
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9. As long as we have an AC voltage applied to the primary coil^ 
the primary I? coruantly Inducing a counter EMF. 

Time-graph and label the phase relationship between and CEHF. 



i 



















to. When two colls are positioned so that the flux lines of one cut 
the turns of the other, they are said to be Inductively linked 
and a voltage Is Induced In the ijecond coll. 

In which of the examples shown would the largest voltage be Induced 
in the secondary? ^ 



« b 
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11. In the majortty of transformers* the secondary Is wound directly 
on top of the primary* 

Why Is this done? 



(Increase coefficient of couplIng> or magnetic coupling between 
the primary and secondary colls*) (or words to this effect*) 



12* As shown In the figure below» the can be wound on 

the same Iron cylinder* 




(cofis; 



13* As the magnetic field expands outw^rd» an EMF Is Induced In the 

secondary* The polarity of the Induced voltage can be determined 

by applying the left-hand rule for generators as shown En the 
Illustration. 




U* S* 



p.r. 
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Assuming that primary current Is Increasing^ label the secondary 
polarities at points A and B. z^*'""*. 




15* The polarity of the secondary winding as compared to primary Is 
Indicated by sense dqts. The dots Indicate points which are of 
like polarity at any. Instant. 

INPUT ^ T— 



Indicate points of like polarity on the examples below. 
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1^. There are two factors which determine the polarity of secondary 
voltage. The first Is the direction of winding. If both the prl 
mary and secondary windings are wound in the same direction, the 
polarities (sense) of both are the same. The second Is the 
arrangements or the connections to the external circuit* 

Using sense dots^ Indicate on the schematics points of like po- 
larity for, each example* 




1 





17. Recall that a power transformer Is usually used to step voltage 
up or down. As the magnetic field around the primary expands 
outward, a counter EMF Is Induce;! In the primary; this same mag- 
netic field also cuts the turns of the secondary Inducing a 
voltage there. 

is there any :iecondary voltage when the magnetic field re- 
verses d?r&ctIon and collapses Inward? 



P.I, Ten- 1 1 

18. The voltage Induced In each t/yirp of the secondary Is equal ]n 
Rfagnltude to the counter EHF tn each turn of the primary. 

If there are mora turns tn the primary than tn the secondary It 

Is a transformer^ 

step"up/step"dovm 



(step-downj 



JS* Hatch* 

1* 100 vo>t output and 50 voU" input a. step-up 

2* E of 117 volts; E of 24 volts 

3* primary wtth 60 turns and secondary b* step-down 

with kO turns 
k* transformer tn your power supply 



(K a; Z. b; 3* b; b) ~ 

20* tn the figure below, if switch 1 Is closed^ there Is a 
current flow In the secondary* 




Is there any magnetic field as^ctated with this current flow? 

a, yes 

b , no 

c. Insufficient information 



(a) yes 



Sf2 
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21. When a transformer is operating under losd conditions, tiie current 
flow in tiie secondary produces a magnetic field wtiicti opposes 
ttie magnetic field of thie primary. 

Indicate tiie polarity of tiie secondary fiux field. (Keep in mind ' 
tiie rules concerning Itnes^of flux.) 

FLUX 




SECONDARY- 
FLUX 
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22. The opposing magnetic fields cause a decrease In the original 

primary flux field. This causes secondary voltage to momentarily: 

, a. Increase* 

b, decrease* 

2 no effect* 



lb) decrease 



23* The magnetic field produced by the secondary current opposes and 
consequently reduces the effect of the flux field of the primary* 
This In turn reduces the counter EMF of the primary coll* 

The EMF of the primary* together with the CEMF effects, tends to. 

make the primary current * 

Increase/dec rease 



Uncreasel 




2*t* The Increased primary current re-estabi tshes the primary's 
original magnetic field. 

What effect does this have on secondary voltage? 

a. Increase to original value 

b. decrease further 

c* no effect 



la) Increase to original value 
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25. Although the magnetic field of the primary mcHnentarily fluc^ 

tuates to a considerable extent as loads are added to the second- 
ary» the overall effect. does not result In a variation of more 
than 2 or 3 percent from the original flux field. 

This results In: 

a. unstable secondary output. 

b. stable secondary output. 

c. limited applications for transformers. 



tb) stable secondary output 

26. To summarlzet any time you go frofn a condition to a 

load condition^ or add another loadt the Induced magnetic field of 
the secondary opposes, the existing primary field. This has the 
effect of decreasing CEMF (opposition) In the primary coilt allowing 
primary current to Increase^ re-estabUshing the original magnetic 
field strength^ and restoring the secondary output voltage to its 
original value. 



^no^loady 



27. Transformers are self-regulating devices. As additional loads 

are added to the secondary, there is an increase In primary current 
due to the Interaction of the magnetic fields. This Increase 
In primary current supplies the power to operate the additional 
loads. 

How does a transformer compensate for Increases In secondary 
power dissipation. 

a. increase in secondary resistance. 

b^ increase in source voltage 

c. decrease in secondary resistance 

d . decrease in primary opposition 



(d) decrease In primary opposition 



G2 
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YOU MAY NOW TAKE THE PROGRESS CHECK," OR YOU HAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON, IF NOT, STUDY ANY 
METHOD OF INSTRUCTION YOU WITH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY. 
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SUMMARY 
LESSON II 

Transformer Theory and Operation 

When we studied Inductors, we saw that the CEMF produced opposed, or 
was l8o* out of phase with, the appltcd voltage, E . tf a transformer 
operates tn a no-load condition , as In the ftgure> there Is no current 
flow tn th^ load and the situation In the primary resembles that dis- 
cussed for an Iron-core Inductor. 




A small amount of current, called the exciting current , flows In the pri- 
mary. (This current excites the coM to produce the magnetic field In 
the core.) The amount of exciting current Is determined by three 
factors: (1) E , (2) the Revalue of the primary coll and core losses, 
and (3) the X. value which is dependent on the frequency of the ex- 
citing current- 



We know that a voltage Is Induced In the secondary coll, however, with 
the switch open, no current flows through the load. In this lesson we 
wish to Investigate the polarity of the voltage induced In the secondary, 
with respect to the polarity of the applied voltage. Using the left- 
hand rule for generators, we find that the relative polarity of the 
secondary voltage depends on: 



1. 
2. 



the direction of the windings. 

the arrangement of the connections to the external circuit 




In the above arrangement on an Iron cylindrical core (for simplification), 
we see the primary and secondary coHs are both wound in the same dlrec 
tlon. The sense dots In the schematic Indicate tt'.e ends of the windings 
which have the same polarity at the same Instant of time. Note that we 
can change the polarity to (with respect to E ) by reversing the 
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secondary lead connections: 
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Here, the srnse dot op the schematic does rot change, since we have not 
changed the direction of the transformer.xoll windings* 



However, Instead of reversing the leads to change polarity, we. could 
have substituted a transformer whose secondary coM was wound In the 
opposite djrectton to the primary* Here we have: 




Let us examine the waveforms of the two cases* 



Winding t n piit Output 






The above analyses are for steady-state conditions. As we go from a 
no-load to a load condition (when the switch in the secondary circuit 
closes) for a brief current bulld-up time, flux lines interact and, by 
Lenz's taw, tend to cancel each other* The CFMF In the primary decreases, 
current rises In the prtn^ary, and the more fully developed magnetic field 
Is re-established. With normal loads applied to the secondary, total flux 
does not vary more than 2 or 3 percent* 



65 

56 



Summary Ten-M 

YOU MAY NQU TAKE THE LtSSON PROGRESS CHECK, OR YOU MAY STUDY THE 
LESSON J*ARRATiVE OR THE PROGRAMMED INSTRUCTION QR BOTH. IF YOU 
TAKE THE PROGRESS CHECK AND AfJSWER ALL OF THE QUES'l'IONS CORRECTLY, 
GO TO THE NEXT LESSON. IF NOT* STUDY ANOTHER METHOD OF INSTRUCTION 
UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 
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-'^ ' OVERVIEW 
LESSON III 



Turns and Voltage Ratios 

in thts lesson, you will study and learn about the following: 

-determining the amount of Induced 
voltage 

-the vojtage Induced In the secondary 
coll 

-flux leakage 

-amount of Induced voltage In the 

secondary 

"turns ratio 

-Voltage ratio 

-using the turns ratio 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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UST OP STUDY RESOURCES 
/ LESSON I 1 1 

Turns and VoUage ^Ratios 

To learn the material in this 1esson> you have the option of choost 
according to your experience and preferences^ any or all of the 
fo) lowing: 



STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93'^00a-2 (Chapter 15) "fcaSIc Electricityt Power Supply 
and Amplifiers." Fundamentals of Electronics . Bureau of 
Naval Personnel* Washington^ 0*C*: U*S* Govera^ent Print- 
ing Office, 1965. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAV TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON 1 1 1 

Turns and Voltage Ratios 

Determining the Amount of Induced Voltage ^ 

iWhen we Induce a voltag<i Injthe primary winding, the CEHF Is 
Just about equal to the applied voltage. Thus, if the applied 

voltage Is 60 v, for all practical pruposes, the CEHF Is also 

60 V. 




If we have a coU which has 
60 turns that means that the 
wtra IS wound !nto 60 loops. 
Thi^s^ turns can be counted* 



[f we know the applied voltage 
!s 60 Vt then we can assunie 
that the CEMF In the primary 
wt M bt^ 60 V* if the primary 
has turns, then each turn 
rnust be ^-oduclng 1 v of CEHF* 



By dividing the E by the number of turns, w& can dstermino hov; 
many volts of CEM^ are Induced fn esch turn* 

If the E !s 120 v, and the primary cqW 60 T (turns)^ 
how many\otts are being Induced Sn ^ach turn? 



If E Is 120 V, then CEHF rMSt be be 120 v. dividing Che amount 
of CEHF by the number of turns (60 T), we fJnd that 2 ^ are Induced 
In each turn. 



The Voltage Induced In the Secondary Coll 

The factors which determine the coefficient of coupling are 
major factors In determining how much voltage Is Induced In the 



71 

6k 



Narrative ' 



Ten- 1 1 1 



secondary, Ideallyt we would want al] the flux lines of the primary 
to cut all the turns of the secondary. This would give us unity 
coefficient of coupling. 



Flux Leakage 

Realistically, not all the flux lines of the primary can cut 
all the turns of the secondary; so a small loss occurs. This 
loss Is called flux leakage , and refers to the flux lines of 
the primary which do not cut secondary colls. 

To minimize flux leakage, a good transformer uses a high" 
permeability core, and places the windings close together, 
■ In this course, we wl H normally consider transformers to be 
perfect. 



Amount of induced Voltage in Secondary 

The amount voltage induced in each secondary turn Is 
equal to the amount of CEHF induced in each primary turn 

— I when the coefficient of 




coupling r s K In this 
iUustration, the primary 
has 60 T, and the CEMF Is 
60 V, so 1 V is being In- 
duced In each turn of the 
winding. 



Observe that the secondary 
winding has only one turn. 
Therefore » the voltage in- 
duced I^ the secondary is 
only 1 V, 



If the secondary*had two turns, 2 v would be induced In 
the secondary (1 v in each turn). 

The amount of voltage induced In the secondary is determined by 
the applied voltage, the coefficient of coupling, and the number 
of turn& in both the primary and the secondary* 




Narrative 
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If a 10 T primary has an applied voltage of 10 what 
1$ the Induced voltage In a secondary winding with 
2 T? 




Secondary - 2 T 



If the E Is !0 V, CEMF In the primary Is 10 v. With a 10 T 
primary, each turn has 1 v of CEMF Induced* Therefore, In a 
2 T Secondary, we have an Induced voltage of 2 v (1 v per turn). 



Ste p "llp_ _and Step-Down Transformers 

When ^ transformer has a £' rondary winding which haa fewer turns 
than the primary, the output, or Induced voltage to the load. Is 
less than the applied voltage. When the output voltage Is less 
than the Input, the transformer is a step-down transformer; It 
steps down the voltage. 

On the other hand, tf there are more turns on the secondary 
than there are on the primary, the transformer has a greater 
Secondary voltage than the applied voltage. When the output 
Is greater than the Inputs the transformer Is a step-up 
transformer. Power companies use step"up transformers to 
Increase voltages to very high values for efficient transmission 
over long distances* A step-down transformer at a sub-station 
or on a power pole near your home takes tht" high voltage and 
steps It down to the proper voltage (110-220 v) for use In your 
home. J 

Because the amount of Induced voltage In the secondary winding 
of a transformer depends largely on the voltage in tne primary 
and the turns ratio of the primary to the secondary* let's 
think about ratios for a few minutes. 
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Turns Rgflo 

A ratio Is a comparison of one number to another number. This 
comparison can be expressed In several ways: 

I • In a fraction 

2- fn ratio form 

3- lr> words 

ff we want to compare the number of turns In a primary wind- 
ing of 10 turns with the number of turns In a secondary with 
one turn> we can express this as: 



2. ion 

3- 10 Is to 1 

A 10:1 turns ratio means that for every 10 turns in the primary^ 
there Is one turn In the secondary. 

If we have a step-up transformer with five turns In the ppimary 
and ten turns In secondary^ this can be expressed as jv which 
can be reduced to j- or ir 1:2 ratio. That means that for every 
turn in the primary^ there are two turns In the secondary. 



In this transforfDer> we have a 
10:1 turns ratio. We have 10 v 
applied to the primary (E } and 
10 turns (T) In the primary. 
We knowj tfierefore> that the 
voltage Induced In each coll 
of the primary Is 1 v. 



The Induced voltage In the secondary (E } Is equal to the 
amount of Induced voltage In each turn of the primary times the 
number of turns in the secondary (N ). 




Voltage Rati : 




I0;i 



Narrative Ten') 1 1 

Therefore, 



0 



» (1 v) X (1 T) 
E^o , , 



Notice that E is 10 v and E Is 1 v. This volts ratio can be 
expressed as ?0: 1 

Observe that the turns ratio. and ^*oIts ratio are the same. 



VottS'Turns Proportion 

When two ratios are equals they can be expressed In a statement 
of proportionality. This statement says that the two ratios are 
equivalent. 

Proportions can be expressed In these ways: 

1. words 

2. fractions 

3* 4)roportIon statement 

K volts ratio equals turns rc^tlo 
E N 

2 or = ^ 

^s '^s ' ^ 

10 X I = 10 

10 X I = 10 

10 = 10 



Solving for an Unknown 

If you know three numerals of a statement of proporttcn^ you 
can solve for the fourth by working the equation. 

For example, if you know the turns ratio ts 5:1 and th^ applied 
voltage to the primary ts 50 v, you can determine tne secondary 
vol tage. 

E N 

£^ = (state the proportion) 

s s 
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^ " T (substitute known values) 

s 



^ = 10 V ^ (cross multiply and solve) 

s 



We have determined that the secondary voltage Is 10 v. 



SoWe for N 



;ns? 



30v 



You know that the volts ratio Is proport'^^nal to the turns ratio; 
therefore: 

E N 

E N 

s s 

80 V 16, 
Wv ° N 

s 

80 N- « 320 

s 

N = i( 

s 

N = 1» T 

s 

Perhaps you S3w that there Is a simple way to solve this. If 

the E is 80 V and E I s 20 v, then: 
P s 

|g-^= a ratio of k-A. 
so k 16 

S 

4 N « 16 

s 
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N = it T 

5 



By using proportions, you can easily solve for an unknown 
voltage or number of turns In either the primary or secondary. 



PROBLEMS 
I. 




60V 






E = 

s 




-1 

"J 



Check your answers below: 

ANSWERS : 

I . N = 18 T 
P 

2. E = JOO V 

s 

3. 5:1 



What Is the 
turns ratio? 



a; this point, you KAY TAKF the progress check, or you hay stud/ AhfY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AMI* 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANtJER ALL THE 
QUESTIONS CORRECTLY, 
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PROGRAMMED INSTRUCTION 
LESSON Itt 

Turns and Voltage Ratios 



THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES, 



I. Consider a perfect (100 percent efficient) xransformer. 

Since the woKilng current flows for the same Interval In 

both primary and secondary, and since power Is work per 

second, then P , x t >* P x t. Since the t's are equal, 
pri sec — 

we may cancel them. When this Is done» we see that the 

primary power the secondary power; this 

directly follows from the law of conservation of energy. 



(equals) 



2, In a perfect transformer. If the secondary power consumption 
is 100 wattSi the primary Input power must be 100 va. 

If conditions change so that the secondary power consumption rises 
to 250 watts, then the primary power Input must automatically 
change to • 



T250^ 



3. In an AC circuit employing a transformer (lOO percent 
efficiency assumed), a 1,000-watt floodlight, connected 
across the secondary, lights to full brilliance. Thus, the 
power Input to the primary must be va. 



(UOOOJ 
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In the figure shown^ the transformer has a primary-to-secondary 
turns ratio of 20;I (read 20 to I). The ratio of primary 



Primary 
100 turns 



100 volts 



Secondary 
' 6 turns 




volts 



EMF to secondary EMF is the 
same as the turns ratio; ICQ 
votts In the primary induces 
5 volts tn the secondary. If 
the secondary is now Increased 
to 10 turns (turns ratio now 
10:1)^ the secondary voltage 
becomes 



(10 volts) 



5* In the same transformer.^ If we Increase the secondary turns 
to 20 turn? (ratio 5*0 t the secondary voltage becoTkes 
vol ts. 



In this step-down transfor^^er^ it Is apparent that the 
prtmary-to-secondary voltage ratio Is the same as the primary- 
to-secondary turns ratio. Ti>us> if the pritnary as 500 turns 
and the secondary 50 turns (r<?t[o 10:1)^ a primary voltage of 
20 volts yields a secondary voltage, of . 



(2 volts) 



7 Tp ^ 2700 ti;rns \ ^ 900 



turns 




22 volts 



In the transformer shown 
in this figure^ the turns 
ratloj primary-to-secondary> 

:s 



T3T7T 



7.9 
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8. since the secondary voltage of the transformer in frame 7 is 
22 volts, the primary voltage must be volts. 



9. The voltage rjtio to the turns ratio relationship is best .expressed 
In a simple equatl^^n thus: 

E N 

If a perfect transformer has a primary voltage of 120 volts 
and a secondary voltage of 20 volts, Its turns ratio must 
be . 



]0. The same equation holds true for step-up transformers In which 
the secondary voltage is higher than the primary voltage. A 
transformer has a turns ratio of \ A (note that thl5 Is one 
. primary to four secondary turns). Thus, a voltage of ^5 prl- 
^urary volts produces 100 secondary volts. In the same trans- 
fonder, 120 volts applied to the primary yields 

secono^^ry volts. 



11* A certain power transformer (assume 100 percent efficiency) 

steps up the voltage from 120 primary volts to 120,000 secondary 
\ volts. The turns ratio of this transformer, primary to 
secdJ^dary, jisust be • 



Tli 1,000) . 



So 
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(2, A toy train *:ransformer that yte)ds 12 secondary volts from a 
I20*'vo1t AC source has a turns ratio of . 



(10:1) 



Calculattons for Ideal Transformers 

The behavtor of Ideal (lOO percent efficient) transformers can 
be calculated from the following set of baste equations: 

'< 

' Voltage-turns relationship: E N 

s s 

Vol-^aqe -current relattonshtp: E I 

_E. _ _s 

E " t 

- s p 

Current-turns relationship; N t 



s p 



Conservation of energy ^ 



relationship: P , = P or E. 1 « E 1 

\ pr I sec — \t p s s 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED, IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
01- ii^STRUCTlON YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 
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SUMMARY 
L£5S0N IN 

t 

, Turns and Voltage Ratios 

The total voltage Induced Into the secondary winding of a trans- 
former Is determined mainly by the ratio of primary to secondary 
turns and the amount of voltage apol led to the primary. This 
can be explained using the figure below: 




Part A of the diagram shows a transformer In whLh the primary 
consists of to turns of wire and the secondary consists of a single 
turn of wire* Notice that as the fluic generated by the primary ex- 
pands and collapses, It cuts both the primary turns and the secondary 
turn. Since the length of the wire In the secondary turn Is approxi- 
mately the same as the length of wire In each primary turn, the voltage 
Induced Into :he secondary turn Is the same the CEHF Induced Into 
each primary turn* 

If the voltage applied to the primary winding Is 10 volts, the pri- 
mary CEMF Is almost 10 volts* Thus, each primary turn has an Induced 
CEMF of approximately one-tenth of the total primary voltage, or 
1 volt. Since the same flux jjnes cut the secondary as cut the primary, 
each secondary turn has an^Jmluced EMF of I volt. The transformer In 

of the figure above has only one turn on the iecorrdsry; therefore, 
the '''^*^^%\iaTy voltage Is I volt. 

Tl-^ transformer In part B of the figure also has a lO-turn primary 
but the secondary con' sts of two turns of wKe. Since this flux 
Induces I volt per t> n, the tofat secondary volcage Is 2 volts. 
Notice that the volts per turn ratio Is the same for primary and 
secondary wfnd Ings* 
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This last statentent can be used to dertve an Important relationship 
between the number of turns of each winding and the voltages across 
the windings* as follows; The volts per turn (V/T) in the primary 
Is o|f^Ined by dividing the voltage across the primary (E ) by the 
nutntfer of turns on the primary (N ) * ^ 



Transposing (1) yields: 



V/T = 

P 



(1) 



N X V/T 
P 



The volts per turn across the secondary are: 

E 



Transposing (3) gives; 



V/T = — 
s 



E » N X V/T 
s s 



(2) 
(3) 



Where; E^ = total secondary voltage (n volts 
N = number of secondary turns 
V/f = secondary volts per turn 

01vldl:ig equation (2) by equation {h) gives; 



N^x V/T 



E 

^ 

E = N X V/T 



(5) 



Since secondary V/T equal primary V/T, they ;;ancei leaving: 



E 
E 

s 



N 



(6) 



This Important equation shows that the ratio of primary to secondary 
voltage Is the same as the ratio of primary to secondary turns. If 
any three of tl*e quantities In equation (6) are known^ the fourth 
quantity can be computed. 

Example I 

^transformer has 2000 primary turns » 500 secondary turns* and a 
prlwafy voltage of 120 volts. What is the secondary voltage? 
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Given: N 2000 
P 

N » 500 

s 

E » 120 
P 

Solution:" E N 
s s 
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(6) 



Trarisposing for E 



EN « E N 
s p p s 



u 



Substituting the given values: 



^20 X 500 
2-jOO 



F.^ » 30 volts 



1^ 



Example 2 



A technician has an Iron core choke (coil) consisting of ^fOOO 
turns* If the existing choke winding Is to be used as a prl^ 
mary^ how many turns must he wind for a secondary to construct 
a transformer In which the secondary voltage will be one-flfth 
the primary voltage? 



p.: 
Ik, 



0 



Given: N = ^000 
P 

E « 1 

s 

Solution: 



Transposed J 



£ H 



E H 
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Summary 

Substituting the given values: 

N 
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1 X 'fOOO 



* 800 turns 

The transformers In the two example problems have fewer secondary 
turns, and as a result, have less secondary voltage than primary 
voltage (step-down transformers). ^ 

In each case, the turns ratio (or voltage ratio) may be expressed 
numerically. The first number refers to the primary of the transformer 
and the second number to the secondary. 

(Example: 4:1) 



AT TH(S POINT, YOU MAY TAKE THE LESSON i>ROGREiS CHECK, OR YOU MAY STUOY 
THE LEiSON NARRATIVE OR THE PROGRAfWED INSTRUCTION OR BOTH. IF YOU 
TAKE THE PROGRESS CHECK AND ANCWER ALL OF Trfg QUESTIONS CORRECTLY, GO TO 
THE NEXT LESSON. IF NOT, STUDY ANOTHER MtTHOO OF INSTRUCTION UNTIL YOU 
CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON tV 

Power and Current 



tr> this lesson, you wt)l study and learn about the foMowt 



ng 



-power tn transformers 
-current ratio 
-conservation o*' energy 
-current and power tn multiple 
secondaries 



BEFORE YOU START THIS LESSON, PREVIEW THE tIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON IV 

' Power and Current 

To learn the material in this lesson^ you have the option of choosln 
according to your experience and preferences^ any or all of tht 
fol lowing: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Experiment 
Lesion Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93^00A-2 {Chajuet !5) "Basic Electricity, Power Supply 
and Amplifiers," fundamentals of Electronics . B'jreau of 
Naval Personnel. Washington, D.C.: U.S. Government Printin 
Office, 1965- 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED A80VE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 




Narrative 



NARRATIVE 
LESSON tV 

Pwer and Current 

Pwer In Transformers 

'lo make computations easier, we wit 1 assume that a transformer 
Is a device wh!ch Is 100% efficient. \f a. transformer is 100% 
^efficient, then power In the primary equals power t the second- 
ary, arxor^tng to the iaw of conservation of energy* 

We can state thfs formula as; 




lOOw 



P - P . 
P s 

Power In Primary • Pcwer In Secondary 

Observe that we have JO volts fn 
the primary and the turns ratio 
Is 1:10* Therefore^ the sec^ 
ondaty voltage Is tOO volts. 



If E Is 100 V and P Is 100 va, 
what Is current through the sec* 
ondary? 



Cv transposing the power formula P » EI, then I = p 



I 



lOfi vc 
too v 



I a. 



Observe that the pow^r formula can be a very useful tool to 
help you solve for other quantities In either the primary or 
the secondary* 




Find current In the primary. 



1 
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Here you know that £ « 20 v, and the turns, ratio Is 5:1; there 

fore. E m 100 v. ySu also know that P » P^; so. If P 

p s p s 

Is 200 va, P^ must be 200 va. 

P « E( 

200 va « (100 v) X (?) 
Therefore, current In the^prtmary must be 2 a. 



Vfrtat Is I In the circuit above? 



Current through the secondary can be determlni*.d by dividing 
volt-amps by volts, so that 1^ « 10 an^ps. 



Current Ratio 

Notice In the transfonuar above that current In the primary Is 
only 2 anvps, but current In the secondary Is 10 amps. In this 
case» the current ratio Is 2:10, better expressed as 1:5. Now 
recett that the turns ratio for this step"down transformer Is 
5:K As voltase was stepped down, current was stepped up by 
the sime proportion. 



5:1 turn*- ratio 
1 :5 cur ' n* ra-tlo 



We can say then that the curre, 
to the turns ratio. 



lo \b Inversel y proportional 



Therefore, these^ ratios are true; 




So 
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By using the proportions shown above^ you can solve these 
accordingly. 




You Can't Get Somethtng for Nothing ^ 

Another way to Icok at tne relactonship between voltage anc! current 
In a transformer Is this: You can get out of something only what 
you put tnto ^t- 

If a ransfornier steps up voltage^ then current decreases 
proportional ly* 

If a transformer steps down voltage^ then current Increases 
proportional ly» 



If the turns ratio of a transformer Is 10;] > what 
Is the '^urrent ratio? 



Current will Increase by a hlO ratio. 



Keeping fn irind that - P and that current Increases or 
decreases Inversely to"tSe !urns ratlo> practice these 
problems. 
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Current in seconJary> 1^ ^ 



number of turns In P, ^ 
^ Y current tn prtniary> 1^ =■ 

.power in priniary> = 





power in secondaryt P^ 



You know £ and in the secondary^ sc you can find I by 
Ohm's Law. 



'4 

I « 5 a 

s 

To find number of turns in prtiriary: 

If ycu have 50 v E and 10 v E , the step-down ratio 
ts 5:J. ^ 

tf N Is 5 turns, 5 x 5 = 25 turns = N 

Np = 25 T 

or, you could have worked tt this way: 
E N 
E, " N, 

10 V " 5T "p ^ ' 

10 Np = 250 
= 25 T 



N = 25 T 
p 

To find current through the primary, you know that power In the 
primary Is equal to power [n the secondary. So, find the power 
in the secondary. 
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P - \h 
P - (5)^ 2 

P « 50 w (true power) 
Primary power (p^) then Is 50"vaT 

P = El 

We know voltage and power * the primary^ so; 

p « 50 va 
P 

Ep - 50 V 

P - 50 V X I 
P P 

I ** ] a 
P 

Current through the primary i$ I amp* 

For a short-cut method of finding current > use the inverse of the 
turns ratio. 

This ts a step-down transformei * 
Therefore^ current Is stepped up I;?, 

If the current In the secondary Is 5 amps^ current In the primary Is 
t amp. 



Solve these problems: 
1. 



lOOv 




I 



is this step^down 
or up? 

Turns ratio = 
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Answers i 



Ip ^ 12»5 amps 
Step-up 

f 250 y 
turns ratio « 1 :2t5 



Notice the sense dots Indicate points' of Identical polarity. 
Trace the circuit and you wt'l" discover both ends of the re* 
sistor have the same polarity at any given Instant; therefore* 
there wMI be no c^tfference of potential across the resistor* 
The secondaries are connected rn series opposition* 



I 



Current and Power In Multiple Secondaries 



When you have more than one secondary circuit, power In all the 
secondary circuits adds up to equal power In the primary* There* 



fore, P 



'SOV 



» + P „, vnrfiere n means any number* 
sn — ' 
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Solving for Pp 

To find power In the primary, you need to determine the power tn 
each secondary, then add them all together. 

If voltage In Sj_ ts 10 v, and ^ 50, then Ohm's Law shows that 
is 2 amps. Power In Sl^ can then be determiner* by either power 
formula. 

P = El or P " \\ 

V 

P«l0vx2a or pn^faxSil 

- Therefore, P » = 20 w 

Using Ohm's Law, you can determine that^current tn S2 Is 2 a, 
and power tn^ ts 40 w. 

Similarly, current in S3_ ts 5 amps, and power in S3_ Is 250 w. 
The formula then: 

P. + P^+P,^P 
si s2 s3 p 

20 w + 'fO w + 250 w = P 

P 

P «= 310 va 
P 

Solving for 1^ 

Current In the primary cannot be determined by adding currents In 
the secondaries, Current can, however, -be determined tn the 
prImaryMf you know prlmary^power and primaryvoltage. 

P 

P =5 El, therefore I = |- 

\ ^ i.l a' 
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K}Ov 



20OV 

^2 40K£1 



Current }n the primary wiH be 50 ma. 



Solving for I _ 
p" sz 



There Is a separate ratio of volts and current between the 
primary and each seconcary. Therefore^ current and voltage In 
the secondaries cannot be added to determWe^current *or vol ;age 
In the primary. Each One Must Be Calcuiated^Separateiy . 




I T is zero. This schematic Indicates ^ no*Ioad condition, 
s I 

The turns railo between P^^and 52^ Is 2:1; therefore^ the cur- 
rent ratio for S2 Is 1:2. I f P Is 100 va> and E is 100 v> 

" " p a ^ ^ 

then current In the prltnary Is la. By using the current 
ratlot if ) Is } a, then I Is 2 a. * 
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AT THIS POINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 97 
•PRIOR TO TAKING THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE 
RESOURCES LISTED. tF YOU DO THE' EXPERIMENT, TAKE THE PROGRESS CHECK, 
AND ANSWER ALL OF THc QUESTIONS CORRECTLY, 60 TO THE NEXT LESSON. tF 
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE liUESTIONS CORRECTLY. 




91 



P,l, ' ^ Ten-fV 

PROGRAMMED INSTRUCTION 
LESSON IV 

Power and. Current 



THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES. 



P. A perfect transformer having the chat ^cterist ics shown in 

the accompanying figure Is 
WOOT 4000T connected to a I00-vo1t 




line. The turns ratio of 
this transformer Is 







2. 


The voltage produced across the secondary winding Is, there- 
fore, volts. 




3. 


Since R^ is 10b ohms, then the current Indicated by the ammeter 
In the secondary circuit (according to Ohm's Law) is 
amps . 


(it) 


4. 


The power consumed In the secondary circuit, according to the 
power equation P = El, must be kilowatts. 


(1.6) 
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5< AccordK'^g to the law of conservaticm of energy* 
former is perfect, the power fed to the primary 
be 



if this trans- 
ci rcui t must 



(1,6 few) 



T 



The voltage across the primary winding is 100 volts. To 
produce a power Input of 1,6 kw, the primary current must be 



I 



>ri. 



or 



amps , 



Tht3 illustrates the self-regulating action of a transformer 
wherein the primary current autcwnat ica I Jy adjusts itself so 
that the power Input equals the power output. 

:f R in the figure in frame I were decreased to 50 ohms, then 
the secondary current would becoipe amps. 



8. This makes the secondary power equal to 



ki 1owatts< 



9. The primary power (100 percent efficiency) wouid then have 
to become kilowatts to satisfy the law of con- 
servation of energy. 



hKLC 
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10. ThiSf In turn^ means that the primary current would have to 
rise to amps to produce this power Input* 



II. The voltage-current relationship in a transformer Is thus de- 
pendent upon conservation of energy* Since P * = P ♦ then 

pri sec 

E^t ^ E,1,* Changing this to a pair of ratios, we obtain 

PPSS ^ ^ r r 

E 



I 



12* (n summarizing, we might say that If a transformer steps up 
the voltage by a factor of x^, then it steps the current down 
by a factor of If it steps the voltage down by a. factor 
of then it steps the 'current by a factor of 



Tup) 



13« The ratio E /E = N /N has been established. Also, the 

P s o1 s 



relation E /E « t /) has been established. Combining 
p s s p 

these expresssions, we can obtain the connection between 

turns ratio and current ratio. Thus, N /N = 

_ _ , _ _ _ . .P. I _ _ _ _ _ _ , 



lot 
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Applying the relationships just established, we can find 



600T 




the secondary voltage, 
secondary current, and 
primary current in a per- 
fect transformer such as the 
one In this figure. First, 
the turns ratio Is 600 to 
3000 or ■ , 



i5- The secondary TOltage appearing across the transformer ter- 
minals must therefore be 



t600 volts) 



16. Since the resistance in series with the secondary winding is 
6 kohms, the secondary current must therefore be 



To7T~amgere]~ 



17' The secondary Qower Is found by multiplying the secondary current 
by the secondaryyvol tage • Hence, In this example the' secondary 
power is J , 



(6o watts) 



18- From the law of conservation of energy, we may say that the 

(.rimary power ^dissipation is , assuming 

loo percent efficiency. 



(60 watts) 



P.r. ; Ten- IV 
19, ThuSj the current flowing in the primary must be 



(0,5 amps) > 



20. Using the turns'^current relationship established above, we can 

check this reasoning by determining the primary current in a 

second way* Thus, N /N = I /I • Now, substituting the turns 

V P s s p 

ratio of N /N and OJ amps for I » V(e find that I again turn^ 
out to be P ^ . ' . ^ . P 



(0,5 amps) 

Go back to pige 90 and solve practice prob1er.rS prior to performing 
experiment on page 97* 
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EXPERIMENT 
Transformer 

Draw ffS M^at Board from resource center* Insure that the Neat Board 
has a power cord. 

Neat Bqard #9 Is a step-dov/n transformer test board with resistive 
toads connected through switches to several secondaries. 

The turns ratio of primary to secondary is not given; however, with 
either E /E or I /I > turns ratio can be determined. Bear in 
mind tha^ tne ter^s t /E and I /I pertain to primary/secondary 
voltage and prirrary/sico^dary cBrrlnt. The symbols wilt be. used 
frequently* , One point to^remember, this Neat Board contains dangefedus 
voltages; use caution when handling test probes. Insure all switches 
areyn the off position* Connect power cord to the Neat Board in re* 
ceptable provided^ and plug cord Into wall outlet. 

Step K 

Set Simpson 260 Range Switch to the 250-volt range and 
Function Switch to the AC position; connect test leads to 
"common and jacks. 

Step 2* 

Touching only the Insulated handles of the probes^ Insert the 
tips intO-TP 901 and TP 9104 Watching the meter scale of the 
Simpson 260* turn SI (located just left of the "power on'* 
' indicator lampt on the Neat Board) to the ''on'* position. 

(I) Record voltage reading from TP 901 to TP 910: * . 

This is the primary or line voltage. (2) Record the primary 
current measured by meter Ml: . ^ 

Step 3* 

With tf^e meter still connected to TP 901 and TP 9I0> watch 
the meter closely while you turn S2 to the "on" position. 
* S3^and S5 should be open and should be in the TP 905 

position* Place R2 In the full C*W* position* (3) Record - 
the current flow from M2: * 



Step 

Remove your meter test leads from TP 901 and TP 910 and place 
them in TP 902 and TP 903.* Open S2 and carefully turn the 
^ter Range Switch to the lO-volt position* Close S2* W 
The meter indicates volts* 
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Step 5. ' - • 

The load In this circuit Is rated at 25 watts; (5) What is the 

actMal power being dissipated by the load? w^tts. 

(6) What fonpula did you use to determine the power*'aissipated7 
Open S2 and remove test leads. 

Step 6. * * 

Turn meter Range Swtch to the 250*vo!t position, plug test leads 
. into TP, 364 and TP 905^ and turn the Range Switcia to the 
50*volt scale. ^-ur4i.S4 to TP 905 position. . (7) With 
^ S3 and S5 openj record voltage^reading from TP 904 to TP 

905: . (8) Record -the current reading indicated on 

M3 of the Neat Board: . 



.Step 7. 

Notice that under open circuit conditions^ E (TP 904 to 
TP 905) is 35.0 voltsvand I Is 0 amps. . (9)^Now turn S3 
'*on** and record E and I at indicated by your me*;ers. 

" E I I . (10) Secondary 

voltage ^ by 1 volt. Primary ciirrent 

i ncreased/ decreased 
Increased by OA amps. PIace'R4 in full C.W» position. 

Step 8. - ' 

T^ke the test lead from TP SOk and moye it to TP 906* (H) 

Record voltage between TP 905 and TP 906t • (12) 

Record \ as indicated ty M3- • Notice current and 

voltage ^ave' not changed^ .thus Indicating a center^tapped 
secondary. You will see .that a 0*5 ^ V Increase In \ results 
with a 0.) amp Increase in I . This same condition eliste^ 
across TP 904 and TP 905- ^ 

Step 9* 

With S4 still in the TP 9O5 position, open^S3» turn the Range 
Switch on, the multimeter to the 250*volt positionj and n>ove 
the test lead from TP 905 to JP 904. This places the meter 
across the complete center-tapped s'econdary (l3) E is 
volts under open circuit conditions. 

Step 10. 

Close S3, i = 

E^ = 
s 



aifips 
vol ts 
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Step 11. 

Close SS- I = amps 

Place r6 ^ 

fully CCW E = volts 



Step 12. 

Turn Sk to TP 3o6.' 



E„ ^ v^oUs 



s 



Ig ^ , . amps 

Ep = volts 

'p = _^ st^ps 



Step 13. 



Open S5. E ^ volts 

p 

I = amps 

p 

E ^ ^ vol ts 

s . 



1 5 = amps 



Step 



Mote the relationship between E /E and I /\ . Open S3» 
close S5»'and record the fol lowTng^ readings 



Ep ^ vol ts 

Ip = ' amps 

E « vol ts - 

's = ' amps 



Step 15. 



Again nate the distinct relationship between E /E and 1 /I 

p s p' s 

in this particular circuit. O pe n S5 and S3, close S2. Connect 
multtmeter from TP 301 to TP 310. With S4 in the TP 306 
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position, close both S5" and S3 and record primary current through 
Hi ^nd secondary curri^nt^hrougn H2 and 

HI 

H2 ^ ' 

H3 ; 



Step 16. 

Open S3. , \ Hi 



H2 ..fi 

H3 '"^^ 

IE 

p = 



Step 17^ 



Note that the H2 reading increased as the Hi reading decreased. 
Open S5. Hi * 

H2 

H3 

E 

p . 

M2 current ef^ain showed a increase as did E , while I showed 
a strong . ^ P 

You can see from this experiment that as voltage is stepped down, current 

IS stepped (1) , as secondary current is increased (more loads 

added in paral lei ) , primary Current will (2) . 

But as secondary current increases, both primary, and secondary voltage 
will show some decrease. Why do you think this happens? 

Answers: (All measured values are approximations and are given to 

provide guidelines to* determine accuracy of your answers.) 

Step 2. 115V AC 

Step 3* 0.7 a 

Step 4. 7*2 V ^ 

Step 5* 5w; P = El 

Step 6. 35 v: 0 . 

" * Step 7* 3^ V, 0.6 a; decreased * * 

Step 8. 35 v; 0.6 a _ 

Step 9, 70 V ^ ' " 

Step 10. 0;6 a; 68 v - ' 

, Step 11 . K2 a; 66 V 

^ Step 12. 60 v; 2,2 a; r\5 v; K25'a 

Step 13* 120 v; 0'.7,a; 65 v; 1^ a . ^ 

Step 14. 120 v; 0-7 .a; 65 v; 1 *2 a 
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Step 15* K35 a; 0.65 a; 2.1 a; 112 v 
Step 16. 0.7 a; 0.7 a; K2 a; 1(8 v 
Step 17^ Minute; 0.725 a; 0; 122 v; decrease 
(I) up; (2) Increases 



Summary. As secondary current flow increases* the magnetic 
field around the secondary increases,^ cancelling 
part of the magnetic line of flux caused' by primary 
current. This reduces the EHF induced in the secondary. 
The primary voltage is decreased due to the Increased 
voltage drop across the Internal resistance. 

When you are s*^tisfied with your readings* secure your equipment and 
return to the resource center. > 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
dUESTIONS CORRECTLY* GO ON TO THE NEXT LESSON. IF NOT» STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL TflE dUESTIONS C0RR£CTIY* 
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SUMMARY 

^ ussorf IV - * 



Power and Current 

According *to the law of conservation of energy, for an {deal or 
lOOi efficient transformer, the power In the primary circuit equals 
that In the secondary circuit. Thus: 

. ■ p • p 

P s 

Using P «• El, and ^ E N 

-E.« -E. 
E N 

s s 

you can write other forms of the taw. (Try to form them,) ' 
For example: 

E )^ = E 1 ; But E = E Jr^ 
s s p p' p s (IT) 

Therjefore: 

^'s-^sHf 'p- 
Cancelling E^, and rearranging, we see: 

_t « 
I N 
P s 

Note thaf*whne\t^e ratio voltages are directly proportional to 
the turns ratio,' t^e current ratio Is Inversely proportional. 

If you feel you have mastered these concepts, try the problems at 
the end of the narr^lve.. 




AT THIS POINT, YOU KAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 97 
PRIOR TO TAKING THE LESSON PROGRESS CHECK, /OR YOU MAY STUDY THE LESSON 
NARRATIVE OR THE PROGRAMMED INSTRUCIltON OR BOTH, IF YOU DO THE 
EXPERIMENT, TAKE THE PROGRESS CHECK, AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSdN. IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 
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OVERVIEW 
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Transform er Efficiency 
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jn this lessoniydu will study and learn ^abou t the^foH owing: 

1 I 

I -transformer efficiency 

-copper loss or t R loss 

■ -eddy current loss 

' -hysteresis loss 

\ ^ , -transformer ratings 



BEFORE YOU START THIS LESSON, 
ON THE NEXT PAGE. 



f'REtflEW THE LIST OF STUDY RESOURCES 



ERIC 



I ■ I 
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LIST OF STUUY RESOURCES 

LESSON V 
Transformer Efficiency 

To l^arn the material tn this lesson, you have the option cyf choosing, 
according to your experience and preferences, any or all of the 
following: 

STUOy BOOKLET: 

I Lesson Narrative 

Programmed Instruction 

Lesson Summary 



ENRICHMENT MATERIAL: 

NAVPERS 93it00A-2 (Chapter I5). "Basic Electricity, Power Supply 
\ and Amplifiers." Fundamentals of Electronics . Bureau of 

I Naval Personnel. Washington, D.C.: U.S. Government Printing 

Office, 1965. 



YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTEO ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME: 
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NARRATIVE 
Lk^SSON V 



Transformer Efficiency 



Transformer Efficiency 

As we have learned about transformers, we have considered that 
they were \00% efficient. Therefore, If the power to the prl- 
mry was 100 w, then the load connecte<i to the secondary was 
assumed to dissipate 100 watts. This Is an Idealized situation 
and does not take Into account tosses that occur In transformers 



We will discuss three major kinds of transformer tosses which 
are: 

2 

t. copper or I R toss 
2. eddy current loss 
3* hysteresis loss 



Copper Loss or I R Loss 

2 

Copper lo3S or I R loss occurs as a result of the small amount 
of resistance present In any colt or wire. This resistance 
causes a toss of power In the form of heat. If current 
increases, then the power dissipation by this resistance 
Jn^reases, and power Is wasted. 

To minimize copper loss, windings are made of low- 
resistance copper* Another factor which helps minimize 
copper loss I^ the selection of the proper size of wire 
for the windings; for example, transformer windings which 
carry high current require wire with a larger cross'sectlonal 
areo than transformers carrying lesser amounts of current. 



Eddy Curr&nt Loss 

Recall 1 that an Iron-core- transformer has a core which Is con- 
structed of a ferromagnetic material. As the magnetic field 
arcAind the colt changes, some of the flux tln«^s cut the *core 
and induce voltages In the core. When you have a conducting 
material, such as the core, then a small amount of random 
current flows within the core. This causes a power loss 
wi thin the core which Is cal ted eddy current loss and is 
tost as heat. 



Losses 




Harrat tve 
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To minimize eddy current Ioss> transformer cores are made of 
laminated slices ihsutated from each other with varnish. 
This procedure provides greater opposition to current flow 
In the core> thereby ' reducing eddy currents 



Hysteresis Loss 

When a rjgnetic field Is passed through a core, the core 
material becomes magnetized. To become magnetized, the 
domains or magnetic units within the core must align them* 
selves with the external field* If the direction of the 
field Is reversed, the domains must turn so that their poles 
are aligned with the new direction of the external field. 
This process takes energy. 

Power transformers normally operate from either 60'-cycle'-per'- 
second or ^OO-cycle-per-second alternating current. Each 
tiny domain must realtsn itself twice each cycle or a total 
of 120 times a second when 60"cycle alternating current Is 
used. The energy used to turn each domain is dissipated as 
heat within the iron core. This loss is called hysteresis 
loss , and can be thought of as resulting ^from a kind of 
TrTc't ion. 

When you increase the frequency of the applied voltage, 
greater motion of the magnetic elements of the core material 
are caused and thus a greater loss through heat dissipation. 

Hysteresis can be minimized by proper core selection. Gener-' 
ally air-core transformers are used for frequencies above audio 
range - 20KH^ ^ because, with an air core, hysteresis^ loss is 
kept to a minimum. You can-assume* then, that Iron cores are 
generally used with frequencies In the audio range. 



Transformer Rat Ings 



transformers have ratings on the nameplates according to 

their capabilities for handling: 



Host 



J . vol tage 
2* current 
3* power 



Voltage Hdndllng Capacity 




The voftage rating depends on the construction of the primary 
and secondary windings. - The type and thickness of the insula- 
tion between the windings determines how much voltage the wind' 
Ings can stand before th^ insulation br&aks down and wires short* 
The thicker (and better) tt)e Insulation, the more voltage the 
transformer can handle. 
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Frequency 

A frequency higher than the rated value can be applied to a trans- 
former without serious damage. For example, a ^00-cycIe voltage 
can be applied to a 60-'cycle transformer. Transformer efficiency 
s'tll be seriously reduced^ but no damage is likely to occur. However^ 
if you apply a 60-cycle source to a transformer rated at kOO cycles, 
you may have circuit trouble. Let's see why! 

When you increase frequency, X^^ increases and current decreases; ^ 
therefore, a higher frequency source results in less current and 
a small reduction in power but no daijrage to the transformer. 

Now, if you decrease frequency to 60 cycles for a ^00-cycle trans- 
former, then decreases and current increases. If current ex- 
ceeds the current handling capacity of the transfonner, significant 
damage results. 



Current^Handl inq Capacity 

The current-handling capacity is determined -large ly by the * 
diameter of the wire used for the windings. If current in 
the windings is excessive, there is too much power dissipated 
in heat and th^ insulation on the wires Is damaged. H excessive 
current is permitted to flow for too long a time, the transformer 
will be permanently dama^ied. ^ 



Power-Handling Capacity 

The amount o' power a transformer can handle depends on its 
ability to dissipate heat. Many transformers have louvres In the 
case which direct cool air to flow across the windings* Large 
transformers often use an oil-cooling technique to prevent excessive 
heat bui Id up. 



AT THIS POINT, YOU MAY TAKE THE PROSI^ESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTEO. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE dUESTIOtlS CORRECTLY, GO TO THE NEXT LESSON. IF 
U6Vi* STUDY ANY METHOD OF SNSTRUCTION YOU WISH UNTIL YOU ZfiU ANSWER 
ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON V 



Transformer Efficiency 



THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES- 



This lesson deals with transformer efficiency* For-ease of computa-^ 
tion^ we have considered transformers to be 100 percent efficient. 
In many cases, efficiency 4s close enough to JOO percent to make no 
difference. There are, however, some cases where power losses are 
large enough that they must be considered* In this lesson you will 
learn what type of losses occur in transformers and how their effect's 
are kept at a minimum. 

K Recall that even good conductors, such as the copper wire used 
in transformer windings, have some resistance* As current passes 
through this resistance, some power is lost in the form of heat. 

As secondary and orimary curr^&nts increase, total power losses 



increase/decrease 



( increaseT 



2. Losses due to winding resistance are called co pper or I R losses . 
-Copper losses are minimized by using the pl^oper diameter wire 
for the current the winding is expected to carry. 

Power losses are reduced by using diameter 

wi re* large/smal I 



(large) 



3* In a 10:1 step^down transformer the secondary has a 
diameter wire than the primary. 



(larger/smaller) 



UarperJ 
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4* Copper losses resu)tMn slightly less power being dissipated 

by the secondary loads than Is supplied to the primary (t ' E ). 
To Compute I R losses, determine how much power is being ?ost fn 
each primary and secondary winding (not the loads), then add them 
together. For example: 



primary winding has 
'5^^ resistance 




Ep KX>v 
Ip 2a 




Shj winding 2u 



$2 winding 1.5fl 



2 2 

primary copper loss = 1 R (2) * 5 = * 5 = 20 w 



(3) 



2 = 9 • 2 « 18 w 



(6)^ • 1.5 = (36)(K5)=5iJl 

92 w 



copper loss 

copper loss 

tot^l Copper loss 

The total available power in the primary is 200 volt-amps. If 
92 watts are-Jost as copper losses^ there are*108 watts to be 
dissipated by the loads as useful work. 

In the example below how much power is actually dissipated by 
the loads? 



primary winding has 
3^3fi resistance 



V-^ip 1.5a 



Is, 2a 



winding 2fi 



$2 winding )si 



{305-57 watts) 

NOTE: This Is an exaggerated example used onty for explanation. 



no 
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Another type of transformer loss occurs in the core material 
and Is due to tiny currents known as eddy currents * When a 
changing magnetic field passes through the xore material, a 
voltage Is Induced in the conducting core mater! il which re- 
sults in a small current In the core. These ct^rrents cause 
the transformer to heat up* with a resultant loss of power. 

What effect would an increase in the frequency of primary 
voltage have on losses due to eddy currents? 



(aj i ncrease 



6< Since air is an insulating material would an alr-core ^transformer 
be likely to have significant eddy current losses? 



c. 



a* 



b. 



Increase 
decrease 
no effect 



b. 



a. 



yes 
no 



(b) no 
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?• The effect of eddy currents can be reduced by laminat tng the 
core. A laminated core Is made up of many thin steel slices 
fnsulateci from each other with a type of varnish- This in- 
creases the resistance of the core, thereby reducing both the 
eddy currents and the losses they cause^ 



VAUNISHID 
lAMINATIONS 



PRIMARY 

COIL 




SECONDARY 
COIL 



LAMUMTEO IRON CORE. TRANSr'ORMER 



Lamination of the core material serves to 
transformer efficiency* 



( i ncrease) 



8, Another power loss which occurs rn the core is known as hysteresis ^ 
'hysteresis ts a characteristic of iron or any ferromagnetic 

- — (nat^rial and results from the continuous realignment of the 
magnetic field In the core as the primary field expands anH 
collapses through It, I n overs Imp1 1 fled terms, hysteresis re" 
suits from a kind of atomic friction caused by reversing the 
magnetic polarity of the core^ 

Would hysteresis losses Increase or decrease wTth an increase 
tn frequency? 



( tncreaso) 



11:, 



lERiC 
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9- Are hysteresis losses a significant factor to consider with 
air-core transformers? 

a . yes 

no ^ ■ 
c- core material Irrelevant 



(b) no 



10. Hysteresis is an Inherent characteristic of all ferromagnetic 
materials. There is not much that can be done to eliminate' 
the effects of hysteresis^ but they can be reduced by car*eful 
choice of core materials. Soft iron^ powdered iron^ an^i 
silicon steel all have low hysteresis losses. 

Two types of core losses are and * 



thysteresis; eddy current) 

.n. Match each term to its appropr iate descr ipt iqn . 

core loss resulting from friction 
of particles 

losb resulting from flux lines 
cutting the core 
loss resulting from flux lines 
not cutting turns of coil 
loss resulting from resistance* 
of coil 



d; 2. b; 3. a) 



l2u 

U3 



1. I R a. 

2. eddy current " b. 
3- hysteresis c. 

d. 
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12. Transformers are not 100 percent efficient. Because of the ?osses 
involved (copper Idss ijnd core losses) in transferring energy 
from the prima^^y to the ^'econdary^ the power In the secondary 
circuit does not quite equal the power in the" primary circuit* 

■J 

To determine the percentage of efficiency of a transformer^ we 
divide the output by, the input power. 

Percentage of efficiency - ^—^^^ x 100 

1 nput 

■ A transformer with 220 W In its prtfmary circuit and only 200 w 
In its secondary circuit has a loss of 20 w. What i^ the trans*^ 
former's percentage' of efficiency? ^ 



I3- A transformer has a 60 W primary and a 55 w secondary* What 
is the percentage of efficiency of this transformer? 



\h. Iron-core transformers are used mainly In the audio frequencies* 
(up to 20 KHz) and are classed as audio-frequency transformers* 

Audio-frequency. transformers have Iron cores to: 

a- increase ruggedness. 

b. increase flux leakage. ^ - ' 

c» increase transfot*:«r efficiency. 



(c) Increase transformer efficiency 



12.1 
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15. Transformers used with high frequencies (abbve 20 Kriz) usually 
have an air core because hysteresis and eddy current losses in 
an Iron-core transformer are too great for use at high frequencies^ 



The small tron-core transformer *used in your power 


supply is: 


a^ a high-frequency transformer- 

b. an audio-f requer; / transformer. 




(bKan audio-frequency transformer 


^j6., Match the correct core type to frequency ranges. 




' * ^ K f below audio range 
* ' * 2. f above audio ranqe 
3- f above 20 KHz . 
* . if. f below 20 KHz 


a. ai r core 

b. iron core 


b; 2. a;. 3- a; ^. b) ' * 




* - - * 



17* *When a transforJHQr is to be utilized in a circuit, it Is necessary 
to know more than just the turns latto. The power-handling 
capability and maximum voltage and current that each winding 
can safely handle mu^t also be considered. 

Three factors to be considered are; 

a. • ' 

c. ' * . * 



[a* power handling capability; b. maximum vol tage; c. maximum 
current) (tn any order)-- - 
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I8« The type and thickness of the Insulation between windings 
detero^Ine the maxlnium voltage, that can be safely applied to 
the windings. The thicker or more efficient the insulation, 
the higher the voltages that can be safely applied to the 
transformer. 

If a transformer is used at a vol tage^ higher than it Is 
rated for: 

^ a. there would be short circuits between the windings. 

b. nothing would happen. 



ta) there would be short circuits between the windings 



19. The current handling cipabllity Is determined by the diameter 
of the wire used for the windings. If the wire Is not of suf- 
" ^ficlent diameter there may'be excessive heat, possibly re- 
sulting In extensive damage. 

The greater the diameter the the resistance, 

higher/lower 

and the the power waste will be. 

greater/smal ler 



Uower - smaller) 



20. The power handling capability of a transformer Is dependent 
uppn Its ability to dissipate heat. There are several methodic 
"^to Increase heat^^disslpat ton capability. Immersion In oIK 
Increasing surface area, and forced cooling systems are some of 
the ways to Increase heat dls^stpatton. 

j 

What are two ways to increase^eat dissipation? 
and 



(Increase surface area; ;forced cooling systems; 01 1 Immersion) 
(any two)^ I 1 



i ^ <^ 
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2), Complete the following statecnents about transformers by matching 
the phrases, 

1, voltage handling capability 

primarily depends on - - - 
2, current handling capability 

primarily d^ends on . - - 
3; power handnng capability 

primarily depends on , . , 



(K c; 2, a; 3- bT 



22, Transformers are designed to operate within only a limited range 
of frequencies. If the recommended operating frequency is Ignored 
the result will be either a greatly reduced efficiency or a damaged 
transformer. 

If a frequency below the recommended value were applied to the 

primary winding, X. for that winding would be than 

des 1 red , greater/less 



U ess) 



23* At the lower frequency* X. of the primary coil will be less than 
the desired value. This will result In an abnormally ■ 

large/smal I 

primary current which in turn w-ll cause overheating and possible 
damage. 



Uarge) 



24, Iff on the other hand* a transformer should be operated at a 

frequency higher than that for which it was designed, the result 

would be a/an tn X^^ causing a/an 

increased/decrease increase/decrease 
In primar/ current. Thts would result in oecreased efficiency. 



(increase * decrease) 




a. cross*sectional 
area of .wi re 

b. cool ing abi I i ty 

c. type and thickness 
of insulation 



p.t. 

25. Hatch. 



1. higher than specified 
frequency. 

2. lower than specified 
frequency. 
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a . damage 

b. poor efficiency 



U. b; 2. a) 




YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
dUESTtONS CORRECTLY, GO iO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL, YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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Transformer Efficiency 

Practical transformers, although highly efficient, are not perfect 
devices. Small power transformers used In electronics equipment 
range from 80 to 90 percent efftc lent, while large commercial power- 
line transformers may have efficiencies exceeding 98 percent. 

Transformer losses are confined mainly to the windings and core, 
and are the result of an undesirable conversion of electrical energy 
into heat energy. Three major types of losses occur. 

Copper Loss 

Whenever a current Is passed through a conductor, power Is. 
dissipated by the conductor In the form of heat. This power 
loss Is due to the, resistance of the conductor. r We have seen 
that the amount df power dissipated by the cond^ctor^ Is directly 
proportional to the resistance of the wire and to. the square of 
the current through it. The greater the value of either resis- 
tance or current, the greater is the power dissipated. 

The primary and secondary of a transformer are made of low 
res*«*'^nce copper wire. The resistance of a given winding 
IS a function of the diameter of the wire and its length. 
Power transformer wjitdlngs have resistances ranging from less 
than 1 ohm to several hundred ofims^ The pov^er dissipated by 
winding resistance is called an ( l ft) loss , o<* copper ioss . 

Copper loss is reduced by using the lowest resistance wire 
practicable* 



Eddy Current Loss 

The core of a transformer is constructed of a ferromagnetic 
material. This material may not be a good conductor, but It 
does have the ability to conduct cu*^rent* 

Whenever the primary of an Iron-core transformer Is energi.2ftd 
by an alternating current source, a fluctuating magnetic field 
IS produced which cuts the conducting core material and Induces 
a voltage Into It. The Induced vol tage- causes random currents to 
flow through tKe core which dissipates power In the form of heat* 
These undesirable currents are called eddy currents . 



126 



Summary 



Ten-V 



We have seen that to minimize the loss resulting from eddy 
currents transformer cores are laminated. The laminations 
are made of thin strips of metal > which are pressed together 
to form the core. Each lamination Is coated with varnish or 
some other insulating material. Since the thin^ insulated 
laminations do not provide an easy path for current^ eddy 
current toss is greatly reduced. 

Hysteresis Loss 

When a magnetic field Is passed through a core^ the core 
material becomes magnetized. To become magnetized^ the 
domains or magnetic units within the core must align them- 
selves with the external field. ^ If the direction of the field- 
Is reversed, the domains must turn so that their potes are 
aligned with the new direction of the external field. This 
process takes energy. 

^ower transformers normal ly operate from either 60-cyc1e-per- 
second or WO*cycle*per-second alternating current. Each 
tiny domain must realign itself twice each cycle or a 
total of 120 times a second when 60-cycIe alternating current 
Is used. The energy used to turn each domain is dissipated 
as heat within the iron core. This loss Is caUed hysteresis 
loss , and can be thought pf an resulting from a kind of fric 
tlon. Hysteresis loss can be^held to a small value by proper 
choice of core materials. 



Transformer Efficiency 

To compute the efficiency of a transformer^ the input and oit- 
put powers must be known. The input power is equal to the 
product of primary voltage and primary current. The output 
power Is equal to the product of secondary voltage and second- 
ary current. The difference between the input pow r and the 
output power represents the power consumed by the various 
transformer losses. The efficiency of a transformer Is a 
measure of how ./ell It works. A transformer with high efflcie 
has low losses. 



Transformer Ratings 

When a transformer is used in a ci rcu it morja than the 
simple turns ratio is considered by the designer. The power- 
handling capacity of the primary and secondary windings must 
also be considered. The maximum voltage that can be applied 
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to any winding is controlled by the type and thickness of 
the Insulation* The better Cand thicker) the Insulation 
between the windings, the higher the maximum voltage 
that can be applied to the windings. The current handling 
capacity of the transformer windings Is controlled b,r the 
diameter of the wlr^ used for the windings. If the current Is 
excessive In the transformer winding, there Is a higher than 
expected value of power disslpiited from the winding in the 
form of heat. The heat generated insfd^ the transformer may 
be sufficient to melt the Insulatipn around the wires. If 
excessive current Is permitted to continue, v^he transformer 
may be permanently damaged. ■ 

The power-handl ing capacity of a transformer is dependent 
upon its ability to dissipate heat. If the heat dissipation 
can safely be increased, the power*hand] Ing capacity of the 
tli~ansformer can be Increased. This I^ sometfrnes accomplished 
by immersing the transformer in oil or by the use of cooling 
fins. The power handling capacity of a transformer is measured 
In either volt-amperes or watts. 

Transformers are designed to operate within a specif led^range 
of frequencies, and should never be used in circuits which are 
outside the design range. If they are used outside of speclfl^ 
cations, efficiency wilt be poor and, in extreme cases, the 
transformer may be damaged. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECKt OR YOU HAY STUDY 
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE CiUESTtONS CORRECTLY, GO 
TO THE NEXT LESSON. — IF NOT, StUDY ^ANOTHER METHOD OF INSTRUCTION UNTIL 
YOU CAN ANSWER ALL THE QUESTKOnS CORRECTLY. 
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OVERVIEW 



LESSON VI 



Semiconductor Recti f i ers 



In this lesson, you will study and learn about the following: 



-the /ectif ier 
'semiconductor 

"the function of a rectifier 
-how the rectifier works 
waveforms 

-seeing rect i f icatlon wi th an 
osci I loscope 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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It ST OF STUDY RESOURCES 
lESSON VI 

Semiconductor Rectifiers 

To learn the material In this lesson^ you have the option of choosing^ 
according to your experience and preferences^ any or all of the 
fot towing; 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Experiment 
Lesson Summary 



YOU MAY NOW STUDY ANY OR^ALL OF THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 



\ 
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NARPAFIVE 
j ^ LESSON VI " ^ 

Senifconductor Rectifiers 

The primary winding of your power supply transformer has a 
voltage rating of 117v, The secondary coil sends out approxi- 
mately Ikw, Therefore, the first operation that takes place 
In your power supply is stepping down the voltage. After cur' 
rent leaves the secondary of the transformer. It goes through 
a small comporient sometimes called a semiconductor rectifier . 
The rectifier In your-^power supply looks like a very small re- 
sistor with only one color band. 



Semiconductor 

~ You know that a conductor is a material which allows current to 

pass through it easily. Conversely, a non-conductor does not easIlV 
let current pass through it. A semiconductor, then. Is a material 
which lets current pass through, not as easily as a conductor, 
but more easily than a nonconductor. 

Function of a Rectifier 

A rectifier is a device that changes AC to some type of pul- 
sating DC. From this we can assume that after current passes 
through the semiconductor rectifier In your power supply, it 
is no longer AC, but has been changed to pulsating DC. Let's 
see how this happens. 



How the Rectifier Works 

First we will see what the symbol is for a rectifier. It looks 
I ike this: 

- K3 

The rectifier is constructed so that !t has little resistance 
to flowing !n this direction- 

KI ' 



Current can easily fVw In this direction as shown by the arrow. 



ERIC 
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However, a rectifier is constructed so that it has very great 
resistance to current flow from the other direction. ^ 



+ 




OUTPUT 
VOtlACE 



'J 



Current cannot readily flow 

in this direction. 

Now if we apply AC to this cir- 
cuity current wlil attempt to 
flow as indicated by the arrow^ 
from negative to positive^ during 
this first half cycle. However^ 
Th3 rectifier will not let current 
pass through it in this direction. 
No current can flow, and there is 
no voltage drop across the re* 
sistor. " 



4 



OUTPUT 
VOITAGE 



+ 



On the next half cycle, polarity 
reverses and current flows through 
the rectifier in the other direction 
The rectifier now lets current 
flow and one-half of the waveform 
passes through like 
this. Notice^ we have — 
eliminated the positive 
alternation. 



Ha lf-Wave Rectification 

On the next half cycle, current again attempts to flow Jn 
the other direction. Again, no current passes through the 

rectifier. This makes our waveform look like r j- 

this with a pause line wh^re the positive altfernation \~/ 
i s chopped off. 
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This wave ts the equUalent of one cycle of 
pulsating DC. Although this accurately shows one cycle, 
the output of a half-Wave rectifier Is frequently 
lllustratfed as ^""^ 

. because It Is e asier to visualize wh en a number of cycles are 
sfiown. This or \^^^\^^^ ^ vi^ve form for 

half-wave rectification such as occurs In your power supply. 



AT THIS POINT, YOU MAY DC THE EXPERIMENT WHICH STARTS ON PAGE 135 
PRIOR TO TAKING- THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE 
OTHER RESO.URCES LISTED. . IF YOU DO THt EXPERIMENT, TAKE THE PROGRESS 
CHECK'IAND ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU MAY TAKE THE 
MODULE TEST. IF NOT, STUDY ANY- METHOD OF INSTRUCTION YOU WISH 
UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAMHED INSTRtlCTION 
LESSON V! 

Semico nductor Rectifiers 



THIS PROGRAHHED SEQUENCE >HAS NO TEST FRAMES. * 

— — J— ■ r— 

b 

As you*ve been told^ the purpose of a power supply is to provide* 
one or wore DC W>1tages from an AC source. ,The transformer aifd 
the vo1ta9e*<lroppf>tg resistors take care of providing the^varlous * 
values of voltages desired; the device which changes*AC to tC Is. ) 
called a rectifier . There'are several types of rectifiers avail- 
able; the one used In your power sup[»,1y U known' as a semiconductor 
rectifier . ' In this lesson^ only the actual circuit function Is 
covered; the salld-rstate physics needed to understand operation 
will be covered'as needed in your A School. 



I- After current leaves the secondary of the j, it 

goes through a small component^ the rectifier^ which looks 
like a smalt resistor with one colored bar)d^ 

Locate the rectifier In your pow^r supply. 



Itransformer) " ~ 

2. A rectifier Is a device that changes AC to what is known as 
pulsating DC . Graphs of an AC Input and a pulsating DC are 
shown; 

INPUT 

From the Illustration, you can see that while current leaving 
the rectifier silll varies somewhat In magnitude^ It Is now 
going in direction.. 
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3- From the HtustratJon, you can .^ee that the bottom of each 
sine wave has been chopped Qfff; the reason is that the special 
atomic structure ^of the materials used In the rectifier permft^ 
currentrto pass through It in only one direction. 

^ Which of these sine waves irulicates that current has passed through 
a rectifier? 




h 




Taj 



^. A semiconductor rectifier: 



•a. rectifies OC to AC. 



b. rectifies AC to pulsating DC. 

c. pulsates AC. 



(b) rectifies AC to pulsating tC 
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$• The schana-tlc symbol for a rectifier looks like this*" 

iElectron current flow is against the arrow making the heavy 
1 ine rnegat J ve and the arrow positive. Using arrows^ indicate 
direction of current in each secondary circuit in this 
schematic. 




V 
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6. A rectifier is constructed so that it has very little resistance 
^ to cfirrent flow one direction but a very large resistance 
to any current flew in the opposite direction. 

""Tn which circuit would the rneter j indicate the largest value? 




ib) : 

NOTE: When reading across the rectifier In the high resistance 
direction^ the meter should indicate an infinite value. 
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7* On your poNer supply* disconnect the end of the recttfler closest 
to the transformer* Then using the MuUineter, determine which 
way current will flow through it* 

Using an arrow* indicate direction of electron current through 
the rectifier* 

— <-) 1 ) — 



I — «► 



8. Which polarities will pemtt currant flow? 



1. 



- + . 



2. , - + 

— c to 



3. 
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EXPERIMENT 
D i od e 

Draw an "0*' scope from the resources center. Using the oscillo- 
scope In conjunction with a Simpson 260 and your power supply^ you 
will perlorm a simple experiment with diodes to see hew they operate. 
Plug In the oscMloscope and turn it on for warm up. 

Step 1 . 

With the power supply disconnectedt remove one end of the 
diode from terminal T8. With the test' leads connected to 
the '^common and terminals of the Simpson 260^ set the 
range switch to the R x 10^000 position. Place test leads 
acrobs the dlode^ (Red lead T7t Slack lead to disconnected 
end of diode.) Do you get a resistance reading? How many 

oKms 7 Reverse the meter test leads across 

the diode. How about a readin9 now? This Indicates that 
current will flow through a diode In only one direction. 

Step 2. 

Recall the schematic symbol for a diode, — 

Current will flovi from to > hence a 

diode IS said to offer maximum opposition to current In a 
reverse direction or from to . 



(2) - to + 
+ to - 



Step 3* 

Disconnect the multimeter and reconnect the diode to 
terminal T8. 

Step 

With the oscilloscope set up as you learned In Module Nlne^ 
cor <ect the btack lead of the scope to T8 and the blue lead 
to il. Plug in the power supply* Make certain the switch 
Is closed and the tamp glows. 
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Step 5* 



Adjust the SWEEP VERNIER control of the scope to show one 
steady cycle of a sine wave* If the signal starts to 
jump or drift, readjust this control* 

Step 6. 

Vary the SYNC/PKASE control so that the signal begins about 
ha1f*way between positive and negative peaks. Readjust the 
SWEEP VERNIER control, tf necessary. 

Step 7- 

Use the V CAL to bring the signa] amplitude just within the 
vertical limits of the graph. 

Step 8. 

Draw the signal you see on your oscilloscope. This is the 
output of the transformer secondary. 



Now let's check on the rectification at the diode. 
Step 9. 

Unplug the power supply ^nd move the blue lead of the scope 
from Tl to T7* Plug in the power supply. Adjust the 
SYNC/PHASE control If the waveform is not stable. 

Step 10. 

Draw the signal now showing on the scope. 



The waveform should look about like this: 




L 
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You should see a sine wave with one alternation clipped off by the 
action of the rectifier. 

The output of the rectifier is pulsating DC, and must be smoothed to 
a (nearly) pure DC. This smoothing process is accomplished by other 
circuit configurations not covered^ in this modu^'^. These circuits 
will be covered In a later module. 

When you have completed your experiment, properly secure your 
equipment and turn it into the resource center. 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUOY ANY OF THE 
OTHER RESOURCES LISTEO. IF YOU TAKE THE PROGRESS CHECK ANO ANSWER 
ALL THE QUESTIONS CORRECTLY, YOU HAVE MASTEREO THE MATERIAL ANO ARE 
REAOY TO TAKE THE MODULE TEST. SEE YOUR LEARNING SUPERVISOR. 



IF YOU OECiDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MiSSEO ONE OR MORE QUESTIONS, STUDY ANY METHOO OF INSTRUCTION 
YOU WISH UNTIL VOU HAVE ANSWEREO ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR LEARNING SUPERVISOR ANO ASK TO TAKE THE 
MOOULE TEST. 
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SUMMARY 
LESSON VI 



Semiconductor Rectlfl^'s 



A rectifier Is a component that allows current to pass in one 
direction only. There are man-made materials called soUdstate 
crystals which have this property. The symbol for • rectifier ts: 



Electron current will on'y flow against the Indicated arrow. If 
a rectifier circuit Is supplied by the output of a transformer, 
the graph of current against time Is as shown: 



This circuit Is called a half-wave rectifier. It converts AC Intp 
pulsating DC. 



AT THIS POINT, YOU HAY 00 THE EXPERIMENT WHICH STARTS ON PAGE 135 
, PRIOR TO TAKING THE LESSON PROGRESS CHECK, OR YOU HAY STUDY THE 
LESSON NARPnATIVE OR THE PROGRAHMKD INSTRUCTION OR BOTH. IF YOU 
DO THE EXPERIMENT, TAKE THE PROGRESS CHECK, AND ANSWER ALL Of THE 
QUESTIONS CORRECTLY, YOU HAVE MASTERED THE HATERIAL AND ARE READY 
TO TAKE THE MODULE TEST. SEE YOUR LEARNING SUPERVISOR. 



IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKE THE 
MODULE TEST. 
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